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ADVERTISEMENT. 



The Committee appointed by the Royal Society to direct the publication of the 
Philosophical Transactions^ take this opportunity to acquaint the Public, that it fully 
appears, as well from the Council-books and Journals of the Society, as from repeated 
declarations which have been made in several former Transactions^ that the printing 
of them was always, from time to. time, the single act of the rfespective Secretaries 
till the Forty-seventh Volume ; the Society, as a Body, never interesting themselves 
any further in their publication, than by occasionally recommending the revival of 
them to some of their Secretaries, when, from the particular circumstances of their 
affairs, the Transactions had happened for any length of time to be intermitted. And 
this seems principally to have been done with a view to satisfy the Public, that their 
usual meetings .were then continued^ for the improvement of knowledge, and benefit 
of mankind, the great ends of their fi]*st institution by the Royal Charters, and which 
they have ever since steadily pursued. 

But the Society being of late years greatly enlarged, and their communications 
more numerous, it was thought advisable that a Committee of their members should 
be appointed, to reconsider the papers read before them, and select out of them such 
as they should judge most proper for publication in the future Transactions ; which 
was accordingly done upon the 26th of March 1752. And the grounds of their 
choice are, and will continue to be, the importance and singularity of the subjects, or 
the advantageous manner of treating them ; without pretending to answer for the 
certainty of the facts, or propriety of the reasonings, contained in the several papers 
so published, which must still rest on the credit or judgement of their respective 
authors. 

It is likewise necessary on this occasion to remark, that it is an established rule of 
the Society, to which they will always adhere, never to give their opinion, as a Body, 

a 2 



^ A-a Q n 



[ iv ] 

upon any subject^ either of Nature or Art, that comes before them. And therefore 
the thanks, which are frequently proposed from the Chair, to be given to the authors 
* of such papers as are read at their accustomed meetings, or to the persons through 
whose hands they received them, are to be considered in no other light than as a 
matter of civility, in return for the respect shown to the Society by those communi- 
cations. The like also is to be said with regard to the several projects, inventions, 
and curiosities of various kinds, which are often exhibited to the Society ; the^authors 
whereof, or those who exhibit them, fi-equently take the liberty to i'eport and even to 
certify in the public newspapers, that they have met with the highest 'applause and 
approbation. And therefoi-e it is hoped that no regard will hereafter be paid to such 
reports and public notices ; which in some instances have been too lightly credited, 
to the dishonour of the Society. 



The Meteorological Journal hitherto kept by the Assistant Secretary at the Apart- 
ments of the Royal Society, by order of the President and Council, and published in 
the Philosophical Transactions, has been discontinued. The Government, on the 
recommendation of the President and Council, has established at the Royal Obser- 
vatory at Greenwich, under the superintendence of the Astronomer Royal, a Magnet- 
ical and Meteorological Observatory, where observations are made on an extended 
scale, which are regularly published. These, which correspond with the gmnd 
scheme of observations now carrying out in different parts of the globe, supersede 
the necessity of a continuance of the observations made at the Apartments of the 
Royal Society, which could not be rendered so perfect as was desirable, on account 
of the imperfections of the locality and the multiplied duties of the observer. 



A List of Pablic Institutions and Individuals, entitled to receive a copy of tbe 
Fhilosophioal Transactions of each year, on making application for the same 
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ROYAL MEDALS. 



HER MAJESTY QUEEN VICTORIA, in restoring the Foundation of 
the Royal Medals, has been graciously pleased to approve the following 
regulations for the award of them : 

That the Royal Medals be given for such papers only as have been presented to 
the Royal Society, and inserted in their Transactions. 
That the triennial Cycle of subjects be the same as that hitherto in operation : viz. 

1 . Astronomy ; Physiology, including the Natural History of Organized Beings. 

2. Physics ; Geology or Mineralogy. 

3. Mathematics; Chemistry. 

That, in case no paper^ coming within these stipulations, should be considered 
deserving of the Royal Medal, in any given year, the Council have the power of 
awarding such Medal to the author of any other paper on either of the several sub- 
jects forming the Cycle, that may have been presented to the Society and inserted 
in their Transactions ; preference being given to the subjects of the year immediately 
preceding : the award being, in such case, subject to the approbation of Her Majesty. 

The Council propose to give one of the Royal Medals in the year 1845 for the most 
important unpublished paper in Astronomy, communicated to the Royal Society 
for insertion in their Transactions after the termination of the Session in June 1842, 
and prior to the termination of the Session in June 1845* 

The Council propose also to give one of the Royal Medals in the year 1845 for the 
most important unpublished paper in Physiology, including the Natural History of 
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Organized Beings^ communicated to the Rojral Society for insertion in their Trans- 
actions after the termination of the Session in June 1842^ and prior to the termina- 
tion of the Session in June 1845. 

The Council propose to give one of the Royal Medak in the year 1846 for the 
most important unpublished paper in Physics^ communicated to the Royal Society 
for insertion in their Transactions after the termination of the Session in June 1843, 
and prior to the termination of the Session in June 1846. 

The Council propose also to g^ve one of the Royal Medals in the year 1846 for the 
most important unpublished paper in Geology or Mineralogy, communicated to the 
Royal Society for iusertion in their Transactions after the termination of the Session 
in June 1843^ and prior to the termination of the Session in June 1846. 

The Council propose to give one of the Royal Medals in the year 1847 for the 
most important unpublished paper in Mathematics, communicated to the Royal 
Society for insertion in their Transactions after the termination of the Session in 
June 1844, and prior to the termination of the Session in June 1847- 

The Council propose also to give one of the Royal Medals in the year 1847 for the 
most important unpublished paper in Chemistry, communicated to the Royal Society 
for insertion in their Transactions after the termination of the Session in June 1844, 
and prior to the termination of the Session in June 1847* 

The Council propose to give one of the Royal Medals in the year 1848 for the 
most important unpublished paper in Astronomy, communicated to the Rojral Society 
for insertion in their Transactions after the termination of the Session in June 1845, 
and prior to the termination of the Session in June 1848. 

The Council propose also to give one of the Royal Medals in the year 1848 for the 
most important unpublished paper in Physiology, including the Natural History of 
Organized Beings, communicated to the Royal Society for insertion in their Trans- 
actions after the termination of the Session in June 1845, and prior to the termina- 
tion of the Session in June 1848. 
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PHILOSOPHICAL TRANSACTIONS 



I. On the Laws of the Tides on the Coasts of Ireland, as inferred from an exttnsive 
series of observations made in connection with the Ordnance Survey of Ireland. 
By G. B. Airy, Esq., F.R.S., Astronomer Royal. 

Received November 30, 1844,— Read December 12, 184<i. 

In the spring of 1842 I was informed by Colonel Colby, R.E., Director of the 
Trigonometrical Survey, that in the operations of the Survey of Ireland it had become 
necessary to adopt a line of reference for the elevations ascertained in the running 
of various lines of level through the country ; and that it was his intention to institute 
a series of observations of the height of the water in diflFerent states of the tide, in 
order to refer the levels to the mean height of the sea, or to its height at some definite 
phase of the tide. Colonel Colby stated also that he was desirous that the observa- 
tions should be made subservient to improvements in the theory of the tides, and 
requested my assistance in sketching a plan of observation which would be most likely 
to contribute to that end. 

In reply, I made the following suggestions : — That great care should be taken in 
the accurate determination of time at every station, and that for this purpose the non- 
commissioned oflScer of the Royal Sappers and Miners who had the care of the 
observations at each station, should be entrusted with a pocket chronometer, and that 
an officer should, at least twice during the series of observations, visit eveiy station, 
carrying, for comparison, an itinerant chronometer whose error on Greenwich time 
was accurately known from astronomical observations. That stations should be 
chosen on the eastern as well as on the western coast, in order to determine the 
difference of level, if any, between an open sea and a partially inclosed sea. That on 
the north-eastern coast, stations should be selected at smaller intermediate distances 
than at other parts of the coast, with the purpose of removing, if possible, the doubf 
which appears to exist as to the progress of the semidiurnal tide-wave through the 
North Channel. That, where practicable, several stations should be selected on each 
of the large rivers or estuaries, in order to ascertain the nature of the modification 
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2 MR. AIRY ON THE LAWS OF THE TIDES 

which the tide-wave undergoes in passing up a contracted channel of comparatively 
small depth. That the series of observations should be so arrange<l, that, at every 
station, one complete tide (from high water to high water, or from low water to low 
water) should be completely observed on every day, its observations being made at 
small equidistant intervals. That supplementaiy observations, applying only to the 
neighbourhood of the low water or high water omitted in the observations of the 
complete tide, should also be made, for the development of the principal facts of 
diurnal tide. Finally, that the zeros of the tide-gauges should be connected with the 
principal lines of level, so that every observation should be referred to the same 
hydrostatic level. 

These suggestions were adopted in their utmost extent by Colonel Colby. The 
collection of observations was placed in my hands in the winter of 1842. The whole 
number of observations exceeds two hundred thousand ; the circumstances of place, 
simultaneity, extent of plan, and uniformity of plan, appear to give them extraordinary 
value; and extent of time alone appears wanting to render them the most important 
series of tide-observations that has ever been made. 

Having under my immediate direction a large number of computers, employed at 
the Royal Observatory under the authority of the Liords Commissioners of the 
Treasury for the reduction of the Greenwich Lunar Observations, I requested the 
sanction of their Lordships for the employment of a part of this force on the reduc- 
tion of these tide observations. With this request their Lordships were pleased to 
comply ; and the investigations and results which I have now the honour to lay before 
the Royal Society are the fruit of this liberality. 

The following is the order in which I propose lo arrange the parts of this memoir : — 

Section I. — Account of the stations, levellings, times, and methods of observation. 

Section XL — Methods of extracting from the observations the times of high and 
low water ; of supplying deficient times and heights ; and of correcting the times first 
determined. 

Section IIL — ^Theory of diurnal tide as related to observations only ; and deduc- 
tion of the principal results for diurnal tide given immediately by these observations. 

Section IV. — ^Theory of diurnal tide as referred to the actions of the sun and moon. 

Section V. — ^Discussion of the height of apparent mean water, as deduced from the 
heights of high and low water only, corrected for diurnal tide ; with reference to 
difference of station, and to variations of the phajs^ of the moon, and of the declina- 
tion of the moon. 

Section VL — ^Discussion of the range of the tide, and of semimenstrual inequality 
in height, apparent proportion of solar and lunar effects as shown by heights, and 
age of tide as shown by heights ; from high water and from low water. 

Section VIL — Establishment of each port, and progress of semidiurnal tide round 
the island. 

Section VI JL — Semimenstrual inequality in time; proportion of solar and lunar 
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effects as shown by times, and apparent age of tide as shown by times ; from high 
water and from low water. 

Section IX. — Formation of the time of diurnal high water ; progress of the diurnal 
tide-wave round the island ; comparison of its progress and range with those of the 
semidiurnal tide. 

Section X. — Method of expressing the height of the water, throughout every indi- 
vidual tide, by sines and cosines of arcs ; and expressions in this form for every tide 
in the whole series of observations, except those at Courtown. 

Section XI. — ^Discussion of the height of mean water deduced from the analysis of 
individual tides; with reference to difference of station, and to variations of the phase 
of the moon, and of the declination of the moon. 

Section XII. — Discussion of range of tide, or coefficient of fii*st arc in the analysis 
of individual tides ; and of semimenstrual inequality in range, apparent proportion of 
solar and lunar effects, and age of tide as deduced from range. 

Section XIII. — Establishment of each port, as deduced from the time of maximum 
of the first periodical term in the analysis of individual tides. 

Section XIV. — Semimenstrual inequality in time, proportion of solar and lunar 
effects from times, and apparent age of tide as shown by times ; deduced from the 
time of maximum of the first periodical term. 

Section XV. — Comparison of the results as to mean height, range, semimenstrual 
inequality in height, age of tide obtained from height, establishment, semimenstrual 
inequality in time, and age of tide obtained from time, deduced from high and low 
waters only, in Sections V., VI., VII., VIII., with those deduced from the analysis of 
individual tides in Sections XL, XII., XIII., XIV. 

Section XVI. — Remarks on the succeeding terms of the expressions for individual 
tides, as related to the magnitude of the tide, to the position on the sea-coast, to the 
position on tiie river, &c. ; comparison with the terms given by the theory of waves ; 
discussion of the quarto-diurnal tide. 

Section XVII. — Separate discussion of the tidal observations at Courtown. 

Section XVIII. — Examination into the question of tertio-diurnal tide. 



Section I. — Account of the Stations^ Levellings, Times, and Methods of Observation. 

The following are the stations of observation : — 

1. Kilbaha. — ^A small bay in the Shannon, on its north side, very near to the Loop 
Head ; latitude 52^ 34', longitude 9^ 52' west of Greenwich. The gauge was a gra- 
duated post erected in the sea at a short distance from the pier ; it was kept upright 
by large stones at its base, and by guys with large stones lashed to them. 

2. Kilrusb. — A small town on the north bank of the Shannon, about sixteen miles 
above Kilbaha ; latitude 52^ 38', longitude 9^ 29'. The gauge was a graduated scale 
nailed to the Revenue Pier. 

b2 
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3. Foynes Island. — ^An island in the Shannon, about fifteen miles above Kilrush ; 
latitude 52^ 37'} longitude 9^ 9'. The gauge was a pole in the narrow channel on the 
south side of the island. 

4. Limerick. — ^The tide-gauge was on the face of Mead's Quay, the lowest (on the 
course of the river) of the quays at Limerick ; latitude 52® 38', longitude 8® 39'. 

5. Casleh Bay. — ^A small bay in the north side of Galway Bay, near its entrance ; 
latitude 53® 14', longitude 9® 34'. The tide-gauge was a pole in the water near the 
Coast-Guard Station. 

6. Galway. — ^The tide-gauge was nailed to the pier, at the entrance to the New 
Dock ; latitude 53° 17', longitude 9° 2'. 

7. Old Head. — A station on the south side of Clew Bay ; latitude 53° 47', longi- 
tude 9° 47'* The gauge was at first nailed to a small quay ; it was afterwards fixed 
in the water. 

8. MuUaghmore.— A station on the south side of Donegal Bay; latitude 54° 27', 
longitude 8° 26'. The gauge was nailed to the south pier of a small port called 
Classy baun Harbour. 

9. Buncmna. — A station on the east side of Lough Swilly, about ten miles from its 
mouth ; latitude 55° 8', longitude 7° 27'. The gauge was fixed in the water, opposite 
to a fortress called Ned's Point Battery. 

10. Port Rush. — A small harbour near the entrance of Lough Foyle; latitude 
55° 11', longitude 6° 40'. The gauge was nailed to the northern pier. 

11. Carrowkeel. — A station on the western side of Lough Foyle, about twelve 
miles from its mouth ; latitude 55° 7', longitude 7^ 1 1'« l^he gauge was nailed to a 
large post permanently fixed in the water. 

12. Ballycastle. — A small port opposite Rathlin Island ; latitude 55° 12', longitude 
6° 14'. The gauge was a pole in the water. 

13. Glenarm. — A small port between Ballycastle and Belfast; latitude 54° 56', 
longitude 5° 56'. The gauge was nailed to the pier. 

14. Donaghadee. — ^Latitude 54° 39', longitude 5° 32' ; near the south side of the 
entrance to Belfast Lough. The gauge was nailed to the pier. 

15. Ardglass. — A small harbour opposite to the Isle of Man; latitude 54° 15', 
longitude 5° 35'. The gauge was nailed to the pier. 

16. Clogher Head. — A headland a few miles north of Drogheda; latitude 53° 48', 
longitude 6° 14'. The observations were made at a small harbour called Port Oriel, 
on the north side of the Head, but very near to it. The gauge was nailed to the 
pier. 

17. Kingstown. — The harbour on the south side of Dublin Bay ; latitude 53° 18', 
longitude 6° 9'. The gauge was nailed to the wharf, on the landward side of the 
harbour. 

18. Courtown. — A small harbour ; latitude 52° 38', longitude 6° 14'. The gauge was 
nailed to the wall of a canal which forms the opening from a small river into the sea. 
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19. Dunniore East. — A small port on the west side of the entrance of Waterford 
Harbour (the confluence of the rivers Barrow and Suir) ; latitude 52^ 9', longitude 
6® 59'. The gauge was nailed to the pier. 

20. New Ross. — A town on the river Barrow ; latitude 52® 24', longitude 6° 56'. 
The gauge was nailed to the bridge. 

21. Passage West. — ^This is the western side of the narrow channel by which the 
waters of the river Lee, at Cork, principally enter into the broad harbour of Cork, 
Its latitude is 51° 53', longitude 8° 21'. The tide-gauge was nailed to the face of the 
steam-boat wharf. 

22. Castle Townsend. — ^A small harbour at very nearly the southernmost point of 
Ireland ; latitude 51° 30', longitude 9° 20'. The gauge was a pole in the sea. 

Of these stations it may be remarked that Kilbaba, Kilrush, Foynes Island, and 
Limerick, are four stations in succession on the same river; that Dunmore East and 
New Ross are on the same river ; and that Port Rush and Carrowkeel are nearly in 
the same circumstances : Casleh Bay and Galway are in a relation nearly resembling 
this. Kilbahn, Casleh Bay, Old Head, Mullaghmore, Port Rush, Ballycastle, Glen- 
arm, Donaghadee, Ardglass, Clogher Head^ Kingstown, Courtown, Dunmore East, 
and Castle Townsend, are all on the open sea ; Kilrush, Galway^ Buncrana, Carrow- 
keel, and Passage West, are somewhat removed from it. 

The zero of the tide-gauge at each place was referred as early as possible in the 
course of the observations to a permanent mark (usually a copper bolt driven into 
the face of a rock), and these marks were all connected by a system of levellings, 
and thus the zeros of the tide-gauges were all referred to the same mark, namely, a 
copper bolt fixed in the upper surface of the heelstone or hinge-stone of the gate of 
Buckingham Lock, Dublin. To give the means of recovering this important zero, 
in the event of its loss, the following references were made to several public buildings 
in or near Dublin : — 



Building. 



Position of the mark on the building. 



EleTation of 

the mark above 

the bolt at 

Buckingham 

Lock. 



Four Courts 

General Post-Offiee • 
Bank of Ireland. . . . 
Custom House .... 
Carlisle Bridge 



Queen's Bridge .... 



Trinity College .... 
Poolbeg Light House 



Pavement or floor of portico at principal entrance 

Pavement or floor of portico 

Pavement or floor of colonnade at principal entrance 

Pavement or floor of portico at principal entrance 

Copper bolt driven horizoDtally into the stone-work of the battlement, 
3*900 feet below the top of the battlement, and 2*840 feet above the 
centre of the road 

Copper bolt driveu horizontally' into the stone-work of the battlement, 
4-450 feet below the top of the battlement, and 1*580 foot above the 
centre of the road 

An arrow cut on the stone-work at the principal entrance in College Green, 
3*300 feet above the surface of the ground 

A mark on the surface of the base-course, under the south window (the 
mark lower than the bolt at Buckingham Lock) 



feet. 
+ 0*928 
-1-3*145 
+ 6-113 
-1-2*195 



+ 8*705 

4 8*019 
+ 4*026 
-0*020 



6 MR. AIRY ON THE LAWS OP THE TIDES 

It will be Been, in the sequel, that results are obtained relating to the relative 
levels of the surface of the sea at different places, which if established must be deemed 
highly important. In order, therefore, to show what confidence is due to the resultB 
of relative level, I thjuk it necessary to give, for every instance in which the means 
of doing so exist, the amount of discrepancy between the results for the difference of 
level between the same stations when the space between them was traversed by dif- 
ferent lines. 




I / Bolt in the front of the hotel. New Ross, above 
I the bnll at Buckiagham Lock, Dublin 

, / Mark at Lord GIfd^I's haute, Cahir, below 

I bolt in MoDMierevan Chureh 

/Boll ill Penrose Quay, Cork, helow mark on 
\ Wiltiam Street Bridge, Walerford 

{Mailton Mead'a Quay, Limerick, bclon mark 
at Court Home, Borrii-iu-OBierf 

r j Itark on Tnlce Bridge, beloir mark on lloty- 

f. ' Bolt in Loughrea Church, above the bolt at 

BackingliaiD Lock, Dublin 

Mark on Oranmore Bridge, above mark 

" Mead'i Quay, Limerick 

„ Boll in llie Market House, Annagh, alrave the 

■1 boltal Duckinghani Lock 

. f UollinthefrontorCommcrcialBulldLiigiiBcIfail, 
belowbolton Sngsa Iiland Bridge, Newry... 
' " n Commer- 



y Monaiterevan . 

ly Gorey , 

ly Borrii-in-Oj»c[y 

iy Waterford 

y Cahir 



■■.; 



J Bait in Cwtlcliv Ginl, below muk at Kin- 

1 "g»l 

J Bolt in Comoiercial Buildings. Beliiut, below 
\ tile bolt at Buckingliiin I.oek 

IMurk at LooiloiiderTy Bridge, above tKiIt at 
Buckingbam Loek 

. /Mark at CliiTony, acar Mullagbmore, aboiebolt 
\ at IJuckiogbam Lock 



/Br 
. Ur 

I"! 

Ur 

/B, 

1b,- 

(Bj 
Ibj 
•Bj 



} g 



Dungarvaa 

Nenagh 

llolycmw 

Limerick 

Cabir and Mallow 

Ballinailoe 

Nenagh 

Kilni,h 

idalk and Newry 

an. Cavan. Newtown Buller and Monaghan 

Annagh, Portadown, and Liabum 

Downpalrick and Newtown Ards 

Glenarm and Ballycastle 

Antrim and Coleraine 

Longford, Ballysadare and BalUoa 

Ballinailoe and Tuam 

Newtown Batler and Armagh 

Newiy, Domnpatrick and Newtown Ardg 
Newtown Butler, Mon^han and Strabani 

tinea round the east and north raiaita 

Newtown Butler and Ballyshannon 

Kinnegad and Ballysadare 



11-469 11*3971 
T2 48 203, 48'483l 
lU 487961 47053 
}5 3'47ll 3-257 
(5 3973[ 401B 
i0 3t»(-314 347-463 
iS 347-661 347-940 
IS 27S-575 273-362 

H na-ae»t7a-oao 

W 268-538868-993 
10 26S'76 j »I8-5I9 
'8 7-573 7-881 
» 8-311 7-886 
ii 146-771 147116 
18 147-061 I46-6GI 
•8 1 3-477 5-489 
ti 4'970 6-109 
13 6337 5-086 
18 6-334 6-893 
10 98<S89 S8-34I 
IS 98-795 99-110' 

16: o-j8a; i-087i 

[51 0-969! 1138 
as\ 3-828 3-351| 



ft. ft. ) ft. 

U-073 11-433/'^''' 

0279 48-343^ 1„,„ 

1743 47-924lr"**" 

0-214; 33611n,.„ 

0-042 3-994/"'^ 

0879 317-904 1,^^ 

0-379 34;-800;r 

0-687 873-918 la. ag. 

0-581373-6541/'''*^ 

0-435 368 77Sl 1 

0'2t3 

0-408 

455 

0-375 no 

0-500 148- 

0fll2 ' 

1-139 



139, 03-998. 83-ll7i 08l 



0-581373-654'; 
0-435 368 775|1^,„ 
02t3B68-ei(^ n'" 

16-958 In,.. 
18-81 1,/" 



<W 






0-248 98-4651, 
0-315 98-953, J 
0-601 n-7Kfi 



,o«. -0-4B) 
0-786J1 f^™, 



1-794 



0-695. S 
2-689' 1 
3-617 / 
93-537 1, 

93-417 ; 



0-146 



On these results, the following remarks are made by Colonel Colby. 

Tbe discordance in No. 10 is uniisally great ; but as it appears from an examina- 
tion of the levelling that the error in discordance is of gradual accumulation and 
does not arise from any one mistake, the mean of the two results is adopted for Port 
Rush, and a part of the difference between this mean and the result on either line} 
proportional to the distance of any point on that line from Belfast, is adopted as a 
correction for the apparent elevation of snch point. 

In No. 13, second line, tbe coraparison of forward and backward levelling is 
omitted, the principal part (namely that from Dublin to Port Rush) being contained 
inNos. 10 and 12. The mean of the two results for I^ondonderry was adopted; upon 
this depend the zeros of Carrowkeel and Buncrana. 

The station at Limerick being important, its relation of height to that at Dublin 
was ascertfuned by four different lines. Tbe following Table contains tbe results of 
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these levellings. The first result^ or that by the shortest line, was adopted in the 
reduction of the tide-observations. 

Depression of the Bench-mark at Mead's Quay, Limerick, below the bolt at Buck- 
ingham Lock, Dublin. 



Line along which the levels were carried. 



From Dublin by Monasterevan and Borris-in-Ossory ; the difference 
of level from Borris-in-Ossory to Limerick being the mean o< 
those found by Nenagh and by Holycross 

From Dublin by Cork, Mallow, and Tralee ; the difference of level 
from Dublin to Cork being the mean of those found by Monas- 
terevan, Borris-in-Ossory, Cahir and Mallow, and by New Koss, 
Waterford and Dungarvan 

From Dublin by Gorey, New Ross, Waterford, Mallow and Tralee ; 
the difference of level from Waterford to Mallow being the mean 
of those by Cahir and by Cork 

From Dublin by Ballinasloe, Oranmore, Liscanor and Kilrush .... 



Approxi- 

mate length 

in miles. 



127 



317 



312 
233 



Depression 

hj forward 

levelling. 



feet. 



0-629 



Depression 
by back 
levelling. 



feet. 



Mean of 
results for- 
ward and 
back. 



feet. 



0-651 



0-640 



0-032 



0-249 
0-899 



0-744 



0-350 
0-889 



388 



—0-050 
0-894 



In order to give the means of verifying the principal results of the tide-observations 
at any future time, I subjoin a statement of the positions of the bench-marks at the 
different tide stations, and of their difference in elevation from the bolt at Bucking- 
ham Lock, Dublin. 



Tidal Station. 



Description of the permanent mark. 



Elevation of 
the mark 
above the 
bolt at Buck- 
ingham Lock 



Kilbaha 

Kilrush 

Foynes Island . . 

Limerick 

Casleh Bay .... 



Galway 

Old Head 

MuUaghmore • . 
Buncrana .... 
Port Rush . . • . 
Carrowkeel. . . • 
Ballycastle . . . . 

Glenann 

Douaghadee . . 

Ardglass 

ClogherHead.. 
Kiugstown .... 
Courtown . . . . 

Dunmore East • 
New Ross .... 
Passage West. . 



Top of copper bolt driven vertically into one of the facing-stones of the pier , . 
Top of copper bolt driven vertically into one of the facing-stones of the pier . . 

Top of copper bolt driven vertically into the solid rock 

Copper bolt driven horizontally into one of the facing-stones at Russell's Quay 
Top of copper bolt driven vertically into the solid rock, close to the Coast-Guard 

Watch House 

Copper bolt driven horizontally into one of the facing-stones at the entrance to 

the New Dock 

Copper bolt driven vertically into one of the facing-stones of the quay 

Copper bolt driven vertically into one of the facing-stones of the south pier. . . 
Copper bolt driven horizontally into the scarpwall of Ned*s Point Battery . . . 

Copper bolt driven vertically into one of the facing-stones of the quay 

Copper bolt in the wall of the Police barrack 

Copper bolt driven vertically into one of the stones of the quay 

Copper bolt driven into the solid rock on which the pier is built 

Copper bolt driven vertically into one of the facing-stones of the quay 

Copper bolt driven vertically into one of the facing-stones of the pier, near the steps 

Mark on one of the facing-stones of the pier 

Top of copper bolt driven vertically into one of the facing-stones of the pier . 
Top of copper bolt driven vertically into one of the facing-stones of the entrance 

to the harbour 

Top of copper bolt driven vertically into one of the facing-stones of the pier . . 

Mark in one of the facing-stones of the quay 

Top of copper bolt driven vertically into one of the coping-stones at the edge of 

the pier 

Castle TownsendTop of iron bolt driven vertically into the rock in which the Coast-Guard signal 

staff is secured 



feet. 

- 2-814 

- 1-974 

- 2-920 

- 0-850 

-h 0004 

I 

- 3-000 

- 0-870 

- 1-749 
-h 18-203 

- 6-900 
+ 24-820 

- 2-268 

- 9-388 
+ 0-321 
+ 0-838 
+ 2-667 

- 2-796 

- 4-469 

- 3-711 

- 4-178 

- 6-463 
+ 10-739 
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The results for height in the subsequent sections of this paper are all referred to a 
point thirty feet below the bolt at Buckingham Lock, Dublin. 

At each of the stations the course of observation was as follows : — ^llie obsei'ver 
adopted, as the tide which was to be completely observed, either the interval from 
high water to high water, or that from low water to low water, according to the con- 
venience of the hours. Thus, having begun, for instance, with commencing a tide 
at the morning high water, when the high water occurred at convenient hours both 
in the morning and the evening ; as the tides in the succession of days fell later and 
later every day, the termination of the tide at last fell inconveniently late in the 
evening, and the observer then began his observations about six hours earlier in the 
morning, so as to commence with low water and to terminate with low water. After a 
time it became necessary, in consequence of the evening low water occurring incon- 
veniently late, to commence again with high water ; and thus there was in every few 
days a change in the arrangement of observations. 

The observations were generally commenced about half an hour before the com- 
mencing high water or low water, and were generally continued about half an 
hour after the terminating high water or low water. Thus, of the four principal 
phases which occur in each day (two high waters and two low waters), three were 
effectually observed in the day series of observations. As there were at each station 
at least two observers, one of these persons made observations for an hour or more 
in the night, partly before and partly after the remaining high water or low water; 
and thus all the high waters and low waters were observed. This system had the 
advantage of giving all the phenomena of diurnal tide, and giving one semidiurnal 
tide completely observed in each day, with little distress to the observer. Its only 
disadvantage is, that the observations at different stations do not always apply to the 
same portions of corresponding tides ; but there appears to be no method of securing 
this precise correspondence of observations except by incessant observations day and 
night, or by self-registering tide-gauges. E^ch observer registered the height of the 
water on his tide-pole at every five minutes by his watch. 

The watches were for the most part chronometers or lever watches. An officer 
visited each station at least three times, and the greater number of the stations four 
times, carrying a good pocket chronometer whose error on Greenwich time was 
known. Two itinerant chronometers were thus employed. The error of each of 
the observers' watches was afterwards computed for every day of observation from 
these comparisons, and this error was applied to form the corrected Greenwich time 
of every observation, in a column purposely left in the sheets of observations. 

At two stations only, Ballycastle and Glenarm, the means for registering the time 
proved imperfect. At the former, in consequence of the failure of the watch, the 
time was taken from the town-clock, and corrected for the longitude of the place; 
it is supposed that this time may be sometimes ten minutes in error. I much regret 
that the extraordinary phenomena of the tides at Ballycastle are thus developed vitb 
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less certainty than could be desired; at the same time I h&ve no hesitation in ex- 
pressing my belief, that the credit of the results hereafter to be given is not sensibly 
injured by this circumstance. At Glenarm, from a similar cause, it became neces- 
sary to refer to the post-office clock ; but the observations do not appear to have 
suffered materially. 
The observations began about June 22, and were discontinued about August 22. 

Section II. — Methods of extracting from the observations the times of high and low 
water ; of supplying deficient times and heights ; and of correcting the times first 
determined. 

The determination of the height of the water, at high or low water, from the 
observations, was a matter of no difficulty. In two or three instances of low water, 
when the water had dropped below the zero of the tide-gauge, the observations were 
incomplete till it again rose to the zero ; in these, the observations were supplied by 
comparison with other low waters which had been completely observed. 

The determination of the time was far more difficult. The examination of these 
observations has made me very distrustful of the results which have been deduced 
from observations of time only. The difficulty of fixing on the precise time of high 
or low water will appear from this statement, that sometimes twenty or twenty-four 
successive observations (occupying 1** 40", or 2**) are registered with the same decimal 
of a foot for the height. The most perplexing case is that where the change of height, 
in respect to change of time, follows or may follow different laws before and after 
the principal phase. Thus at Limerick, after low water, the water sometimes rises 
as much in ten minutes as it had previously dropped in two houi*s ; it therefore appears 
right here, if several successive observations about low water are registered at the 
same decimal of a foot, to suppose that the real low water is little before the last of 
those observations. At some other stations this circumstance does not happen uni- 
formly ; and then, when it does happen, it becomes difficult to say whether there is 
a difference of law before and after the low water (in which case the real low water 
ought to be taken nearer to the last observation), or whether the surface of the vvater 
at the last observations on the same division has been depressed by accident (in which 
case the real low water ought to be taken nearer to the first observations). I will 
not undertake to say that, in marking off the times of high and low water, I have 
followed a uniform method in these difficulties ; but I have certainly followed a uni- 
form plan for each station ; and this is all that is important. 

Occasionally, though rarely, observations of high and low water were interrupted 
by the roughness of the sea and other accidents. It was highly desirable to supply 
these, because (as will be seen in the next section) differences of the heights and of 
the times to the fourth order were to be taken, and thus the omission of one height 
or time would entail the loss of five results in these differences of the 4th order. 
The following is the process by which they were supplied. It very soon became 

MDCCCXLV. c 
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evident to all who inspected the collected heights at high and low water, that irregn- 
larities in the heights at any one station were sensible with no important difference' 
of magnitude at the neighbouring stations. This will be abundantly shown in Sec- 
tion XI. On this assumption, a comparison of the height or time at one station 
with that at each of the neighbouring stations, for a few tides near to that at which 
the observation was deficient, would give the means of supplying the omitted height 
or time. But it was necessary to bear in mind that all the observations were affected 
by diurnal tide, and that the diurnal tide might vary sufficiently from port to port 
to render it unsafe to use comparisons of evening tides for the correction of morn- 
ing tides, &c. The process adopted therefore was the following:— The results, 
both for times and for heights, were divided into four groups. One comprehended 
the high waters which next followed the moon's transit; these were called High 
Waters of the First Division. Another comprehended the low waters which next 
followed those high waters; these were called Low Waters of the First Division. 
The remaining high waters and low waters were called respectively High Waters and 
Low Waters of the Second Division. Each of these groups was treated separately. 
When a height or time of high or low water at any station was to be supplied, the 
observed height, &c. at that station was compared with the mean of the observed 
heights, &c. for at least two neighbouring stations, in at least two tides preceding 
and two tides following, in the same group ; and the mean difference thus found was 
applied to the mean of the observed heights, &e. at the stations compared, on that 
day for which the tide was deficient. I have no doubt that the results thus supplied 
are sensibly as accurate as those which were actually observed. 

On consideration of the difficulty of determining the times of high and low water, 
which has been already explained, it appeared necessary to endeavour to smooth 
down some of their irregularities, without at the same time endangering the conclu- 
sions as affected by difference of diurnal tides and of semidiurnal tides at the different 
stations. The following is the method employed : — Each of the groups already men- 
tioned was separated into four subdivisions, determined by the proximity of stations. 
One included Kilbaha, Kilrush, Foynes Island, Limerick, Casleh Bay, Galway, and 
Old Head. The second included MuUaghmore, Buncrana, Port Rush, Carrowkeel, 
and Ballycastle. The third contained Glenarm, Donughadee, Ardglass, Clogher Head, 
and Kingstown. The fourth contained Dunmore East, New Ross, Passage West, and 
Castle Townsend. [Courtown was omitted, because, as will be hei'eafter seen, no 
times of high or low water could be fixed for it.] Then each subdivision was treated 
separately. For each tide the mean of the times for all the different stations was 
taken (Buncrana, Ballycastle, and Glenarm, being excepted ; as, from the small 
range of tide at these places, the determinations were more uncertain than at others). 
Then for every station (including those already named) the difference of the time from 
the mean of times was formed. Thus, for any one station, a difference from mean 
was obtained for each day. Let these differences for successive days be called 
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Dj, Dg, D3, D4, D5, &c. Then the means of the adjacent numbers were taken, 

Di-H>« P»+D3 ^ D8+P4 D4+D« o,- . 

2 ' 2 2 2 "^^•' 

and the means of the numbers in this series were taken, forming 

Di + 2D,4-D3 D,+2D3+P4 D8+2D,+Ds „ 

4 ' 4 ^ 4 * *^* 

Then the number — * ^ * was considered to be the just difference from mean 

for the second day in the series : it was applied to the mean of times for that day, 
and gave the adopted time for high or low water for that day, at the station under 
consideration ; and so for the succeeding days. In regard to the legitimacy of this 
process, it is to be observed that it does not suppress the inequalities affecting, in 
different degrees at different stations, the semidiurnal or diurnal tide, provided the 
period of such inequalities is of several days. Nor does it suppress any accidental 
inequality which affects the whole tide-wave coming from the Atlantic upon a large 
extent of coast. The only failure is, that, as 

M?|i±0.=D,+?'^:i|.±e-=D,+i (2od difference) ; 

when the second difference of D is large, an error is introduced. So long as the tides 
at the different stations follow anything like similar laws, there is no fear that this 
error will be perceptible. The only place where there is any probability that it can 
become sensible is Ballycastle ; and here it will be very far below the irregularities 
of observation. 

Section Til. — TJieory of diurnal tide as related to observations only ; and deduction of 
the principal results for diurnal tide given immediately hy these observations. 

The remarks with which I shall immediately proceed apply equally to times and 
to heights, and equally to high waters and to low waters ; but, to avoid unnecessary 
repetitions, I shall speak only of heights at high water. 

Suppose then that, for any station, the heights at high water, both of the First 
Division and of the Second Division, have been collected and intermingled in the 
order of times. It is evident that the diurnal tide at any one of these heights will be 
found approximately by taking half the excess of that height above the mean of the 
two heights immediately preceding and immediately following. The number thus 
found will, however, be in error by one-fourth of the second difference of the semi- 
diurnal tide. This error may be eliminated, leaving only an error depending on 
fourth differences, by taking half the algebraical excess of that apparent diurnal 
tide above the mean of the diurnal tides next to it. 

The process may however be put in the following algebraical form :— Suppose the 
successive high waters to be affected with inequalities represented by a.cosn— 3.^, 

c2 
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a.cosn— 2.tf, a.cosn— 1.^, a.cosn^^ a.cosn+l.tf, a.cosn+2.^,&c., where n increases 
by unity for each successive high water. If we take the 4th, the 8th, the 12th, &c. 
differences of these numbers, we shall have for the differences standing opposite to 
a . cos n6y 

a . cos ntf X 1 6 sin^^ 
a . cos n6 X 256 sin^* 

a 

a . cos n6 X 4096 sin*^ 

Now if the inequality occupies many tides in going through its changes, that is, if 6 
is small, the powers of sin ^ will be very small, and these differences will therefore 
become smaller and smaller till they are nearly insensible. There is one value of ^, 
however, for which they do not become smaller, namely, that which makes siup 



nearly =1, or 6 nearly =180®, or in which the successive numbers a.cosn— l.tf, 

ff.cosn^, a.cosn+l.tf, &c. have nearly equal magnitudes with a change of sign at 
every step. It is evident that this is the case of diurnal tides. Consequently, on 
taking the successive differences in this manner, the diurnal tide will ultimately be 
the only inequality sensible. 

If then we stop at the fourth differences, we may say that the diurnal tide 

fourth difference .^ _ ^ a.u • l^u j«ir ^.l j- i ^-j eighth difference 

= 1 : if we stop at the eighth difference, the dmrnal tide =-^ -i — ; 

16 sin*^ 256 sin®^ 

and so on, the expressions becoming more accurate as we advance further in the 

order of differences. Remarking, however, that the diurnal tide goes through all its 

changes in not fewer than 57 high waters, and that 6 therefore differs from 180^ by 

6 1 

little more than 6^ or that sin^ = cos 3® nearly = 1 — qqq nearly, we may consider the 

6 
powers of sin^ as equal to unity ; and thus we have 

Diurnal tide =jgX4th difference, 

or =256 X 8th difference, 

&c. 

The first of these formulae was used throughout, both for heights and for times, and 
at both high and low waters. 

Let us now consider the relation between the diurnal tide in height and that in 
time. Let ^ be an angle increasing uniformly with the time, and inci'easing by 360^ 
in a tidal day, its origin being the time of high water in the semidiurnal tide. Let a^ 
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be the diurnal tide at the first high water, b that at the first low water, c the semi* 
range of the semidiurnal tide. And suppose a and b to be so much smaller than c 
that their squares, &c. may be neglected. The height of the water above its mean 
height, on the law of elevation usually assumed, will be a.cos^+i«sin^+^«oos2tf. 
This quantity will be maximum or minimum, or there will be high water or low 
water, when — a.sintf+i.costf— 2c.8in2tf=0. The first approximation to the value 
of 6 will be obtained by considering the large term only : from this we find 

ir St 

2c.sin 2tf=0, from which 6=0, or =^ or =t, or =y nearly. Substituting these values 

successively in the small terms, and supposing them liable to a correction x in the 
large term, we have, 

For the first high water, +6 — 2c.sin(0+2a?)=0; or, nearly, 

A— 4Ccr=0; whence ^=-7-^ and tf=0+x=— • 

For the first low water, —a— 2c. sin (T+2cr)=0 ; or, nearly, 

— a+4ca?=0 ; whence »J^=4^» and tf=2+.r=2+^- 

For the second high water, —6— 2c. sin (2T+2.r)=0 ; or, nearly, 

— 6— 4ca?=0; whence 0?=-^* and tf=T+^=«'— t:* 

For the second low jwater, +a— 2c.sin (3T+2»r)=0 ; or, nearly, 

+a+4c.r=0; whence J* =-^^ and ^='2 — J^* 

It appears therefore that the diurnal equation in time at the High waters of the 
First Division has the same sign as, and is a certain multiple of, the diurnal equation 
in height at the Low waters of the First Division ; and that the diurnal equation in 
time at the Low waters of the First Division has the same relation to the diurnal 
equation in height at the High waters of the First Division ; and similarly for those 
of the Second Division. The factor by which the diurnal tide at low water in height 

is converted into diurnal tide at high water in arc is ^ ; and, observing that t in arc 

corresponds to about 12** 24™ in time, the factor for converting diurnal tide at low 

744 186 

water in height into diurnal tide at high water in minutes of time is 47^=^ ; and 
that by which the diurnal tide at low water in minutes of time is converted into 

IT C 

diurnal tide at high water in height is ^gg* The same factor applies for converting 

diurnal tide at high water in minutes of time into diurnal tide at low water in height. 
But the high and low waters of the First Division must be used together, and the high 
and low waters of the Second Division must be used together. 
This theory cannot be expected to apply with accuracy to any place far from the 
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sea (as Limerick or New Ross), where the law of the height of semidiurnal tide^ as 
depending on the time, differs sensibly from that of cos 26. 

. Upon investigating the magnitude of the diurnal tides, by the method detailed a 
short time since, it appears that, at most stations, the diurnal tide in height was given 
with great regularity ; but that, at the greater number of stations, the diurnal tide io 
time was not very regular. In order to compare the diurnal tides by means of the 
theory above, as well as for the purpose of ascertaining their magnitudes with some 
accuracy, it was necessary so to combine them that a mean of many determinations 
could be made available. This was done in the following manner : — 

First, it is to be remarked that in this and all the following investigations the high 
and low waters of the first division only are used ; these being evidently sufficient 
for the complete solution of any problem of diurnal tides. 

Next, it is well known, or may be anticipated from the investigations of the next 
section, that on examining successively the diurnal tides at high water (first division) 
on successive days, they increase, diminish, change sign, and increase and diminish 
with the changed sign, in nearly the same manner as the sine of an arc increasing 
proportionally to the time ; and that the same remark applies to the diurnal tides at 
low water. 

The first thing to be done in investigation was therefore to ascertain when the 
diurnal tide vanishes. This was done by taking the five diurnal tides nearest to the 
estimated place of evanescence and combining them by the method of minimum 
squares, on the supposition that the diurnal tide ought there to alter by uniform steps ; 
an assumption sensibly correct. 

The next thing was, to take the mean of all the diurnal tides between two vanishing 
points. Supposing them to be expressed by the law a.sin^, the mean of all these 

, . Sum of the values of asin t ,.,. ..i jtl/*.^2a 

values IS Number of values ' which is approximately expressed by- a/^ 8mtf==—> 

and hence the coefficient a, or the maximum diurnal tide, must =0^ ^^^ mean of 

the diurnal tides between two vanishing points. 

The following results have been obtained by these methods : — 
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ON THE COASTS OF lUiLANO. 
Times of Evanescence of Diarnal Tide in Height. ' 



IT 



Kilbaha j 


High water 
Low water. 


d. d. 
July 1-73 July 14-97 
4-59 1 17-01 


d. 
Julf 30-72 
31-84 


d. 
Aug. 12-03 
13-lS 


Kilrush 1 


High wat*r 


(1-8) 1 15-17 
430 j 17-03 


31-46 
32-29 


12-27 
13-68 




Foyne* Island ( 


High water., 
Low water. 


1-98 1 14-74 
4-S7 1 16-98 


30-74 
38^4 


12-31 
13-19 


'■'■""^^ {|Ksr 


(1-9) 
4-00 


n4-7) 

16-86 


31-30 
32-54 


11-86 
13-05 


c-'.n.y {p::r: 


2-34 
4-10 


13-98 
I7-21 


30-82 
32-41 


11-55 
13-10 


Galway i 


High water 


3-83 
4-Sl 


13-71 
17-50 


30-77 
32-56 


11-99 
13-04 


Old Head j 


High water. 
Low water. 


(4-8) 


15-62 
18-11 


31-36 
33-46 


12-38 
14-80 


Mullaghmore j 


Hinh water 
Low water. 


4-61 
(7-0) 


17-63 
(20-0) 


32-53 
(35-0) 


14-17 
(16-0) 


BuncraDB 1 


High water 
Low water. 


5-38 
(7-4) 


17-56 
(20-0) 


33-32 
(35-0) 


13-74 
15-63 


Port Rush 1 


High water. 
Low water. 


5-09 
(7'<) 


17-26 
(20-0) 


33-43 
(35-0) 


13-47 

14-92 


Carroukeel | 


High water. 
Low water. 


4-96 

(7-*) 


16-66 
(80-0) 


33 26 
(35-0) 


ie-69 

(14-9) 


Ballj castle . . | 


High water 
Low water. 


3-80 
(6-4J 


17-68 
(19-0) 


32-37 1 14-51 
(34-0) i (139) 


Glenarm { 


High water 
Low water. 


g-80 
5-92 


18-11 
18-78 


31-72 
34-24 


16-68 
13-B4 


Donaghadee I 


High water 
Low water. 


B-82 
fi-34 


17-91 
17-92 


31-85 
3318 


15-35 
13-56 




High water 
Low water. 


3-76 
5-57 


18-00 
16-11 


32-82 
3.1-47 


15-10 
13-71 




ClogherHead j 


High water 
Low water. 


3-51 

4-88 


17-46 
18-23 


32-48 
34-34 


15-05 
14-60 


Kingstown | 


High water 
Low water. 


3-70 
5-10 


17-62 
18-41 


32-22 
33-25 


16-44 

14-16 


Dunmore East | 


High water 
Low water. 


6-01 
3-&6 


17-44 
18-31 


33 40 
32-13 


12'39 
15-88 


New HoM 1 


High water. 
Low water. 


(6-0) 
(3-5) 


(17-4) 
(18-3) 


33-57 
(32 1) 


12-95 

(15-8) 


■— !='«-» {|K:r 


(5-0) 
^-5) 


(16-4, 
16-91 


33-76 
(31-1) 


12-27 

14-75 


Castle Townsend.... I 


Higl, ,.ter 
Low water. 


?il 


sir.« 


(32-24) 
(31-6) 


(12-15) 
(13^) 
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MR. AfRY ON THE LAWS OP THE TIDES 



The Dumbers inclosed in brackets are supplied by conjecture, where the irregala- 
rity of the tides made it difficalt to discover with accuracy the times of evanescence. 
A small error in these will produce very little error in the result for maximum coeffi- 
cient. The numbers at Castle Townsend (where the diurnal tide is very small) are 
the means between those for the adjacent stations, P^issage West and Kilbaha. Cour- 
town is omitted, as the peculiarity of the tides there made it impossible to take diurnal 
tides at high water and low water in the same manner as for the other stations. 

The times when the moon's declination vanished are June 28<^'89, July 12^-14, 
July 26^*18, and August 8^*50. In stating these, however, I must warn the reader 
that these are not the only elements on which the time of evanescence of diurnal tide 
depends, as will appear in the next section. 

Attempts were made to determine, in the same manner, the times of evanescence 
of diurnal tide in time. The irregularities were however so great that in most cases 
it was useless to attempt to assign the day : in the following instances only did the 
results appear at all trustworthy. 

Times of Evanescence of Diurnal Tide in Time. 



M ullaghmore 


Low water. 


d 
July 7-19 


d 
Jul} 20*76 


d d 
July 31*96 Aug. 14-27 


Buncrana 


Low water. 


3-30 


20-41 


30*77 


16*02 


Port Rash 


Low water. 


4-69 


21-32 


31-32 


16-58 




Carrowkeel 


Low water. 1-37 


19-01 


30*50 


16*39 




Ballycastle 


Low water. 


5-11 


18-16 


36*43 


15-05 




Donaghadee < 1 


High water. 
Low water. 


4-11 
6-13 


19-07 
14*18 


32*69 
33*94 


16*18 
13*15 



It will be remembered that the time of evanescence of diurnal tide in time at low 
water ought to coincide with that for height at high water, and vice versd. The 
comparison of this table with that for height is not very satisfactory. 

The maximum values of diurnal tide were deduced in all cases by the process ex- 
plained a abort time since, adopting for the times of evanescence the days given in 
the first table (or that from heights), and using the high water evanescence in height 
with the low water diurnal tide in time, and vice versd. The following are the re- 
sults : — 



ON THE COASTS OF IRELAND. 
Maximum Values of Diurnal Tide, First DivisioQ: deduced from heights. 



Kilbaha 

Kilruah 

Foyoea Island. . . , 

Limerick 

Casleh Bay 

Galway 

Old Head 

Mullagbroore .... 

Buncraua 

Port Rush 

Carronkeel 

Ballycastle 

GleDann 

Donaghadee .... 

Ardglasa 

Clogher Head . . 

Dunmore East . . 

New Ross 

PasHige Went. , . . 
Castle Tuwnsend. . 



+ 28 
+ 0-20 
+ 0-30 
+ 0-30 
+ 0-27 
+ 0-24 
+ 0-46 
+ 0-83 
+ 0-64 
+ 0-50 
+ 0-44 
+ 0-50 
+ 0-74 
+ 0-64 
+ 0-55 
+ 0-64 

+o-5a 

+ 0-17 
+ 0-23 
+ 08 
-002 



July 14— 31. JulfSl— Aag.l2. 



-0-49 
-0-38 
-0-45 
-0-49 
-0-41 
-0-4« 
-0-61 
-0-80 
-0-75 
-0-57 
-0-93 



-0-33 
-0-20 
-009 



+0-30 
+ 0-25 
+ 0-33 
+ 0-36 
+ 0-30 
+ 0-25 
+ 0-64 
+ 0-85 
+0-GG 
+ 0-60 
+ 0-60 
+ 0-.58 
+ 0-82 
+ 0-74 
+ 0-G9 
+ 0-60 
+ 0-G4 
+ 0-25 
+ 0-26 
+ 0-17 

+ 0-05 



-0-74 
-09G 
-0-64 
-0-77 
-0-69 
—0-30 
+ 0-05 
+ 0-14 
+ 0-17 
+ 005 
-0-60 
-0-64 
-0-60 
-0-55 
— 0-55 
+ 0-13 
+ 0-05 
+ 0-13 
-0-16 



July IJ— 32. Aog. 1—13. 



+ 0-52 
+0-42 
+ 0-52 
+ 0-49 
+0-52 
+ 0-57 
+ 0-58 
+ 0-14 
-0-16 
—0-28 
-019 
-016 
+ 42 
+ 0-41 
+ 0-38 
+ 0-36 



-0-50 
-0-47 

— 0-58 

— 0-53 
-0-65 
-0-35 
-0-74 
-0-08 
+ 0-25 
+ 0-35 
+ 0-33 
+0-16 
— 0-&5 
-0-71 
-0-38 
-0-57 
-0-52 
+ 011 
+ 0-05 
+ 0-06 
-0-08 



These results are on the whole satisfactory. There are, however, some general 
differences of magnitude among the different columns, which I am not able at pre- 
sent entirely to explain. I may remark that the moon was tu perigee on July 9 and 
August 7, and in apogee on July 25. 

Maximum Coefficient of Diurnal Ude in "Hme, First Division. 





Low inter. 


High nltt. 1 


July 1-14. 


Julf 14-31. 


July 31— Aug. 12. 


July 4—17. 


July lJ-32. 


Aug. 1-13. 


KUbafaa 

Kilnuh 

Foynes Island 

Limerick 

Casleh Bay 

Galway 

Old Head 

MulUghmore .... 

Buncraoa 

Port Rush 

Carrowkeel 

Ballvcastle 

Glenarm 

Donaghadee .... 

Ardglasa 

Clogher Head .. 

Kingalown 

Dunmore East . . 

New Ross 

Passage West 

Castle Townaend, 


+ 5-31 
+ 1-34 
+ 4-10 
+ 12-23 
+ 2-51 
+ 5-O.t 
+ 2-87 
+ 3-93 
+ 10-90 
+ 21-43 
+ 17-93 
+ 28-28 

- 1-7G 
+ 04 
+ 1-72 
+ 3-80 
+ 4-32 
+ 0-54 

- 1-76 
+ 2 71 

- 6-57 


-"2-69 

- 1-87 

- 4-00 

- 8-86 

- 2-40 

- 6-97 

- 2-96 

- 7-77 

- 1-51 

- 4-85 

- 3-35 
-31-00 

- 7-82 

- 6-58 

- 4-41 

- 5'10 

- 5-46 

- 2-77 

- 0-48 
+ 2-68 
+ 2-12 


+■"4-25 

+ 1-75 

+ S-11 
+ 8-15 
+ 3-18 
+ 3-08 
+ 0-66 
+ 10-56 
+ 7-90 
+ 16-77 
+ 14-92 
+ 17-26 
+ 409 
+ 0-57 
+ 2-70 
+ 1-86 
+ 5-65 
+ 3-31 
+ 3-45 
+ 0-96 
- 1-26 


~'6-22 

- 5-92 
_ 5-63 

- 3-91 

- 8-73 

- 8-73 

- 4-32 
-10-48 

- 0-42 

- 1-88 

- 5-60 

- 3-43 
+ 66 

- 6-27 
+ 0-07 

- 001 

- 4-35 
+ 3-86 
+ 2-54 
+ 0-23 

- 2-49 


+ 3-70 
+ 3-70 
+ 170 
+ 0-G9 
+ 6-06 
+ 3-64 
+ 4-13 
+ 2-06 
+ 0-34 
+ 7-28 
+ 2-71 
+ 18-05 
+ 2-68 
+ 1-72 

- 4-47 

- 2-47 
+ 0-52 

- 0-S4 

- 2-05 
+ 0-70 
+ 1-37 


-0-98 
-3-18 
-3-84 
-5-63 
-4-29 
— 4-98 
+ 0-S6 
-5-09 
-1-73 
-3-14 
-0-68 
-1-9G 
-2-20 
—4-52 
-0-35 
-310 
-3-92 
-2 40 
-4-99 
-0-51 
— 3-67 
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After the statement which I have given (in the second section) of the difficnlty of 
fixing upon times of high and low water, it will not be surprising that considerable 
irregularities exist among these numbers. Their agreement nevertheless is sufficient 
to show that the diurnal tide in time of low water is great at Limerick, and very 
great at all the stations from Buncrana to Ballycastle. At Mullaghmore and Bally- 
castle it is also great at high water. The increase in numbers at low water from 
Kilrush to Foynes Island and Limerick, would seem to show that diurnal tide in 
time at low water increases considerably in ascending a river. It would appear, 
however (as seems, h priori, probable), that this holds only when there is at the same 
time a considerable diurnal tide in height, of such a nature that a depression of height 
accompanies a retardation of time. This is supported entirely by the analogy of the 
course of low water at ordinary semidiurnal tide : where, as will appear in tliis paper, 
and as is known from other observations, and as also appears from theory*, the pro- 
gress of the phase of low water up a river is slower as the water is shallower at low 
water. At New Ross, considered with relation to Dunmore East, the diurnal tide in 
time of low water is not sensibly increased ; and here there is no large diurnal tide 
in height. The large numbers in the neighbourhood of Ballycastle do not depend 
on this cause. 



Maximum Coefficient of Diurnal Tide in Height, First Division, as inferred from 

Diurnal Tide in Time. 





High water (from times of low water). 


Low water (from times of high water). 1 


July 1—14. 


July 14—31. 


July 31— Aug. 12. 


July 4—17. 


July 17—32. 


Aag. 1 — 13. 


Kilbaha 

Kilnish 

Foynes Island. . . . 

Limerick 

Casleh Bay 

Galway 

Old Head 

Mullaghmore .... 

Buncrana 

Port Rush 

Carrowkeel 

Ballycastle 

Glenarm 

Donaghadee .... 

Ardglass 

Clogher Head . . 

Kingstown 

Dunmore East . . 

New Ross 

Pa'isage West .... 
Castle Townsend.. 


ft. 
+ 0-46 
+ 011 
+ 0-41 
+ 1-88 
+ 0-24 
+ 0-60 
+ 0-28 
+ 0-16 
4-0-97 
+0-77 
+ 0-97 
+ 0-75 

-007 
+ 0-06 

+0-27 
+0-45 
+ 0-44 
+ 0-04 

-0-19 
+ 0-26 
-0-45 


ft. 
-0-18 
-0-14 
—0-40 
-1-16 
-0-16 
-0-51 

—0-19 
—0-42 

-0-15 
—0-13 
-0-20 
-0-42 
-0-31 
-0-46 
-0-40 
-0-45 
-0-40 
—0-20 
-006 

+ 0-17 
+ 0-12 


ft. 

-I-0-37 
+ 012 
+ 0-61 
+ 1-36 
+ 0-30 
+ 0-45 

+ 0-07 
+ 102 
+ 0-75 
+ 0-73 
+ 0*85 
+ 0-50 
+ 0-25 
+ 010 
+ 0-33 
+ 0-32 

+ 0-57 
+ 0-34 

+ 0-37 
+ 0-09 
-0-15 


ft. 
-059 
-0-62 
-0-68 
-061 
-0-92 

-0-87 
-0-40 

-0-78 
-0-16 
-0-14 
-0-25 
-0-11 
+ 0-05 

-0-39 
-0-04 
-0-03 

-039 
H-0-31 
+ 0-26 
+ 0-02 
-0-17 


ft. 
+ 0-28 
+ 0-30 

+ 0-19 
+ 0-06 
+ 0-46 
+028 
+0-24 

+ 0-17 
+ 0-04 
+ 0-14 
+ 0-11 
+0-28 
+0-13 
+ 0-11 
+ 0-37 
-019 
+ 0-46 
-0-02 
-0-20 
+ 0-08 
+ 0-09 


ft. 
-013 

-0-37 
-0-50 
-0-81 
-0-45 
-068 
+ 0-02 
-0-33 
-0-25 
-0-13 
-0-08 
-0-08 
-0-13 
-0-45 
-0-11 
-0-41 
-0-38 
-0-20 
-0-43 
-0-04 
-0-24 



These numbers ought, npon the theoretical expressions for the tides given in an 
earlier part of this section, to agree with the numbers in the first table in page 19. 

* Encycl. Metropol., Tides and Waves, Art. 208. 
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UpoA comparing them it appears that there is a very good agreement of the numbers 
of the littoral stations^ at l)otb high and low waters, as far as Mullaghmore or even 
Bancrana ; and, for high water only, as far as Ballycastle. There is then great dis* 
cordance till we arrive nearly at Kingstown ; in a short time after this the diurnal 
tide iiecomes so small that we are less surprised at apparent discordances. From 
the number of the instances in which the agreement is, upon the whole, pretty good, 
L form my opinion that the discordance between Buncrana and Kingstown is not 
accidental. I have little doubt that in this channel between Ireland and Scotland 
(which every accurate determination shows to be a critical part for the tides), the 
law of diurnal tide assumes a form differing much from that supposed in the investi* 
gation. It is, however, practically almost impossible to. trace this law from obser* 
vations. 

The results for diurnal tide used in the subsequent investigations are those in the 
table of pages 15 and 16 deduced from observed heights only. 

Section IV. — Theory of Diurnal Tide m re/erred to the actions of the Sun and Moon. 

The present section will contain little more than the account of a series of failures 
of investigations. But the examination of these is usually so instructive that I think 
it desirable to state the heads of each of the unsuccessful attempts. 

la order to explain the theoretical difficulties of this investigation, the following 
remarks may not perhaps be misplaced. 

It is not possible to separate the effects of the sun and moon by comparison of a 
mass of observed diurnal tides near one solstice with a similar mass at the opposite 
solstice. For, although (in consequence of the opposite state of the moon's declina* 
tion at a given f^ase of the lunation) the lunar diurnal tide is different in sign, yet 
the solar diurnal tide is also different in sign ; and thus the two diurnal tides are 
mingled in the same degree at both solstices. The same applies if the observations 
are at any opposite seasons of the year. 

It is possible to separate the two effects by comparing diurnal tides near a solstice 
with diurnal tides near an equinox ; as, in the latter, the solar diurnal tide vanishes. 

Generally, it is possible to separate them by comparing two masses of diurnal tides 
observed at intervals of three months ; as for the high (or low) waters corresponding 
to a given right ascension and declination of the moon in the two masses, the sun 
will have widely different positions in hour-angle, and therefore its effects at those 
two instants will be widely different. 

The proportion of the effects of the sun and the moon cannot be ascertained from 
B single series of observations, extending through a period so shoit that the sun's 
position may be considered invariable. This will be shown by showing that the two 
effiscts, of the sun and of the moon, in producing diurnal tide at high water, follow 
sensibly the same law, and when added together give a compound effect following 
the same law. Thus : the time of high water bears a nearly invariable relation to the 
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time of inoon*s transit ; and therefore, at high water, the lunar diurnal tide is always 
in nearly the same phase, and has no variation except from the variation of its coeffi* 
cient. The magnitude of the diurnal tide at semidiurnal high water may therefore 
be represented by coefficient x sin /3 ; and that at semidiurnal low water by coefficient 
Xcos/3; where |3 is constant. This coefficient is proportional to the sine of the 
moon's declination at some time previous, or (nearly) proportional to the sine of the 
moon's right ascension for some time previous, or to the sine of the moon's hour- 
angle from the sun altered by a constant. For the solar diurnal. tide, the coefficient 
is constant, but the phase varies every day. As the time of high water bears a nearly 
invariable relation to the time of moon's transit, the phase of solar diurnal tide at 
high water must depend upon the moon's hour-angle from the sun altered by a con- 
stant, and therefore the magnitude of solar diurnal tide will be proportional to the sine 
of the moon's hour-angle from the sun altered by a constant. Thus, putting (C — O 
for the excess of the moon's right ascension above the sun's, the lunar diurnal tide at 
the time of high water will be represented by a.sin|3.sin{ c — O +A}, and the solar 
diurnal tide at the same time will be represented by i.sin{ ^ — O+B}; and these, 
when added together, give a result of the same form, c.sin{ d — O + C}. And it is 
impossible to say whether this term, as given by observation, is entirely due to one 
or other of the two actions or to both combined ; because we have no it priori means 
of saying what is the coefficient a or i of either of the separate terms ; or what is the 
relation of the time of either high diurnal tide to the time of transit of the body which 
causes it, upon which A and B will depend. Everything here said with regard to 
semidiurnal high water applies also to semidiurnal low water ; the only difierence 
being that the angles /3 and B must be inci*eased about 90^ for semidiurnal low water. 

The unknown quantities in the problem of diurnal tide are the following: — ^The 
interval anterior to the time of observation for which the moon's place is to be taken 
as governing the diurnal tide at the time of observation ; the constant coefficient by 
which the sine of moon's declination for that anterior time is to be multiplied; the 
moon's hour-angle at the time of lunar diurnal high water; and the three similar 
quantities for the sun : in all, six unknown quantities. To determine these we have 
only the four following results of observation (or results equivalent to these four) : 
the time of evanescence of diurnal tide at semidiurnal high water; the maximum of 
diurnal tide in high water, and the two similar quantities for low water. These are 
insufficient for the determination of the six unknown quantities ; and we must try 
how we can reduce the latter number. 

First, as the sun's declination is considered constant, the anterior interval for the 
sun's place is unimportant. And in fact, though the sun's declination during these 
observations (June 22 to August 25) was not invariable, yet an alteration of one day 
in the time for which its declination was taken as ruling the diurnal tide would not 
have been important^ For the moon it would be very important. 

Secondly, it seems probable that the moon's hour-angle at the time of lunar diurnal 
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high water does not differ much from the 8un*s hour-angle at the time of solar diurnal 
high water. The assumption of any constant difference, either =0 or having any 
assigned magnitude, reduces two of the unknown quantities to one. 

The number of unknown quantities is thus made the same as the number of data, 
and the solution can therefore (speaking in a strictly algebraical sense) be effected, 
in general. 

The following is the method by which the equations for the four unknown quanti- 
ties may most conveniently be formed : — 

From the ordinary facts of the tides, it seems probable that the coefficient of lunar 
diurnal tide may depend on the moon's declination at a few days, perhaps not 
exceeding five, anterior to the time of the tide. Let d^ be the moon*s declination at 
one day preceding the time of tide, d^ the moon's declination at three days preceding 
the time of tide. Then we may express the coefficient of lunar diurnal tide by 
p.sindi+q.9\nd^; where by varying the proportions ofp and q the coefficient may 
be made to depend on the moon's declination at any day near them ; and by varying 
the magnitudes ofp and q in the same proportion, the magnitude of the coefficient 
will be altered in that proportion. 

The coefficient of solar diurnal tide may be represented with sufficient accuracy by 
r.sinD|, where D| is the sun's declination one day preceding the time of tide. 

Let h be the solar hour of the tide. This is the same as the hour-angle of the sun 
to the west of the meridian. The phase of the solar diurnal tide will depend upon this 
angle diminished by some unknown constant s ; and the elevation of the solar diurnal 

tide* may be represented by S.sinD^.cos A— ^. 

Let t be the moon's time of transit. Then the moon's hour-angle west of the 
meridian is h—t. Therefore if the phase of lunar diurnal tide depended on the 
moon's hour-angle in the same manner in which the phase of solar diurnal tide de- 
pended on the sun's hour>angle, the elevation of the lunar diurnal tide would be 

represented by (p. sin d^+q .sixi d^) cos h-^t^s. But we know by the retardation of 
the period of spring tides, as well as by the theory of tidal waves affected by friction*, 
that in semidiurnal tides the lunar wave is more advanced in its phase with regard 
to the moon's hour-angle than the solar wave is with regard to the sun's hour-angle. 
We may conjecture, by analogy, that the same holds for diurnal tide. Putting a for 
this difference of advance of phase, the elevation of the lunar diurnal tide will be 
represented by (p. sin rfi + j. sin rfj) cos A— <—*+«. And the compound effect of lunar 
and solar diurnal tides, expanding the cosines, will be 

S.sin D^.(cos A.cos «-f sin A.sin s) 

+(/i.8in di-i-qAin d^){cos h-^i+a.cos s-^sinh^t+a.sia s). 

Let S.cos«=u?, S.sin^=x, g=^> s~^ ' ^^^ ^^^ expression becomes 

* EocydopKdia MetropoUtana, Tidet and Waves, Art. 826. 
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6inD|.cas h.w+sin Di.sin Aur+sin rfj.cos A— <+a.a/y+8in rfi.sin A — f +auiy 
+sin c^.cos A— *+«.tr«+8in d^.sin A— <+aur3?. 
It is to be remarked that^ when Wj x, y, and z, are ascertained (with an assumed 
valne of a), the following more intelligible results will be extracted from them : — • 

S=\/tt?H-^= solar coefficient of the sine of the 8un*s declination^ for solar diamal 
tide. 

^=the angle determined by the equation tan^=~; it is the constant angle which 

is to be subtracted from the sun's hour-angle west at the time of observation, in order 
to give the angle on whose cosine depends the height of solar diurnal tide at the 
instant of observation. 
Then, the lunar diurnal tide 

= (p . sin d^+q . sini^) cos A — /— *+a=S.(y,sin rfj+a.sin d^).coH A— /— jp-f-a ; 
and, {putting / for the moon's longitude measured from the intersection of its orbit 
with the equator, I for the sine of its inclination, and i for the mean daily increase 
of longitude from transit to transit =13° 38'}, y.sinrfi+«.sinrf3=I(y.sin/i+«.8in4) 

=:l(^Y^- sin 4+sin /,+^^*sin /j— sin li) =I{Z'\-y.cos J.sin £j+^— y.sin J.cos l^ ; or, 
if tanj?=— ^tani, this quantity becomes =I.a+y.cosi.secj?.sin^+^ ; or, making 



iy±=n.^, it becomes =I.2-f^.cos^.sec^.sin4+ii=^+^-oos^.sec)7.siu£;2^4.«: and therefore 
the lunar diurnal tide =S.a+y.cos i.sec ^.sin rf,+».cos A— <— *+«. 

M Effect of moon for given declination v 

ST— Effect of sun for same decUnation — «+y-C0S6.seCJ?. 

M=S.;s+.y-oos).sec^=: lunar coefficient of the sine of the moon*s declination on a 
certain anterior day, for lunar diurnal tide. 

2-f n= the time, in lunar days, earlier than the moon s Greenwich transit next 
preceding, for which the moon's declination is to be taken as governing the diurnal 
tide. This is correct for the time of high water^ first division, and requires an altera* 

tion for other times, n is =i^^jj^i and tanj?=^^-tan 13^ 38'. 

«— a= the constant angle which is to be subtracted from the moon's hour-angle, 
in the same manner as s from the sun's hour-angle. 

The factors of the unknown terms w, x, tuj/j wzj xy^ and xsi, in the algebraical ex- 
pression for the elevation produced by diurnal tide, were computed for high water 
and low water, fii*st division, at Kilbaha, for every day throughout the observations! 
These computations would apply equally to the other stations, it being understood 
that certain constants (which the reader will easily investigate) depending on the 
longitude of the station and the time occupied by the passage of semidiurnal tide, 
are to be applied to the angles a and s. The hour-angles used for the moon were 
found by comparing the moon's time of transit at Greenwich with the time of KiU 
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baha tide. The declinations were those for the times of transit at Greenwich one 
day and three days previous to the transit next preceding the tide in question. For 
the low waters of the first division, which follow the high waters of the first division 
by ^th of a tidal day, the right ascensions and declinations ought to be taken for tran- 
sit over the 6^ meridian ; this was done most conveniently by correcting the coeffi* 
cients when combined in groups, by the following formulae. If the computed terms 
containing w and x for the moon are W.tr+X.<r { W and X containing y and z], then 
the corrected terms as altered for the change of right ascension, are 

(Wcos^+Xsin jjii?+ (Xcos J— W sin ^jx. 

And if the computed terms containing ^ and z are Y.y+Z.z (Y and Z containing w 
and x), then the corrected terms as altered for the change of declination, are 

sin(2M4) 
^' 8in2S 

No notice was taken of the changes of parallax ; nor were the hour-angles referred to 
the moon's place one or three days previous (as in strictness of theory they ought) ; 
but as the observations extend over two whole lunations^ it was supposed that the 
effects of these omissions would nearly disappear. 

The factors of the unknown quantities were computed on the supposition that 
a=0, and also on two other suppositions. It is easily seen, however, that the factors 
for any assumed value of a can be readily formed from those which hold for a=0 ; 
and this computation is made most conveniently for the groups. 

The numbers for high water were divided into groups related to the changes of 
sign of the factors of w and x. These groups were then combined in the order 
lst + 2nd — 3rd — 4th + 6th + 6th— &c. to form one equation, and in the order 
1st— 2nd— 3rd+4th+5th— &c. to form another equation. The numbers for low 
water were treated in the same way. In subsequent operations, the groups were 
formed and combined in different orders. 

But, in whatever way the groups were formed, they were so combined as to form 
four equations, each of which has the following form : 

A.M;+B.x+C.ii?y+D.ii;«+E.xy+F.X2=G. 

To solve a system of four such equations is evidently no easy matter. Two me- 
thods of solution were principally relied on. 

The first (and easiest) was, to make trial-substitutions to a great extent. The 
numbers —2, —1, 0, +1, +2, were substituted for to; the same numbers were 
substituted for x ; the same numbers were also substituted for^ and for z ; and every 
possible combination of these numbers was used ; making 625 trial -substitutions in 
each of the four equations. And when there seemed a probability of success, the 
substitutions for one or two of the numbers were greatly extended. Calling the re- 

MDCCCXLV. B 
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suits of one substitution in the four equations g^ ^y ^\ g"' (the numbers resulting 
from the tidal observations being G, G', G", G'"), it was then necessary that 

g/^G' ^_G^ ^^9!1 
g-G' F""G' 7-G- 

By search among the quotients of the substitution, numbers were found approaching 

G' 
as near as possible to -g, &c. ; then, supposing w unaltered, the variations of the quo- 
tients were found, which corresponded to changes of 1 in j7, y and z ; from these, by 
solving three linear equations, the corrections to J7, y and z were found ; and then a 
common multiplier for w and x was found by comparing the result of each corrected 
substitution with the tidal numbers G, G', &c. 

The other method was, to put the equations in the following form : 

M;x(A+C.y+D.;5)+^X(B+E.y+F-z)=G. 

Between two of the equations, w and x were eliminated, and a complicated equation 
between y and z remained ; another equation of the same character was obtained 
from the other two of the original equations ; and these two equations were solved 
by trials. 

By these methods (but principally by the former) the equations were solved for 
a=0 and a=— 2*> for all the stations as far as Mullaghmore. Beyond that station 
it was found totally impracticable to solve them. Values of «;, x, y, z were some- 
times found which seemed nearly to satisfy the equations, but when an attempt was 
made to correct these values, the corrections became absurdly large, and the cor^ 
rected values gave results much fuither from the truth than the original results. 

And for those stations at which the operation was successful, there were special re- 

M 
suits of inadmissible character. Thus, \Vhen a=0, -g- was found =4*30 for Kilbaha, 

M 
and =1'45 for Mullaghmore; when a=— 2**, -g- was found =:3"40 for Kilbaha tmd 

=0*82 for Mullaghmore. These discordances seemed to show that a must be posi- 
tive ; but in no case could a solution be obtained with a positive value for a. 

On examining carefully the numbers given by observation, I was led to the follow- 
ing considerations, which seemed likely to throw considerable light on the subject. 

On inspecting the table in page 17, it will be evident that at the first stations, as 
far as Old Head, the disappearance of diurnal tide at high water does not occur on 
the same day as the disappearance of diurnal tide at low water ; the former always 
occurring earlier than the latter. But at the stations from Glenarm to Dunmore 
East, the disappearance of diurnal tide at high water sometimes preeedes^and some- 
times follows that at low water ; and mdy be said, roughly speaking, to occur on the 
same day. This circumstance fixes absolutely the value of a. For, when the diur- 
nal tide at high water and that at low water vanish at the same time, the inference is, 
that at that time the lunar diurnal tide and the solar diurnal tide have equal values 
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with opposite signs four times in their diurnal period. If then their phases at the 
first of those four times be represented by ^ and %// respectively^ and their coefficients 
by fi» and y, we have 

jo. sin ^+v sin 4^=0, jM.sin (^+90°)+ 1' sin (4^+90°) =0, 

|a.sin(^+180^)+vsin(4+180°)=0, ftsin (^+270°)+^sin(4+270°)=0. 

Thesolutionof these equations is either p=—i', ?)=4'; or fi»=y, ^=4+180°. Con- 
fining our expressions to the former (by which we lose nothing of generality), we 
have this result ; that, upon that day, the solar diurnal tide and the lunar diurnal 
tide are in the same phases at every part of the day. Observing then that a is the 
angle which is to be added to the moon's hour-angle west, in order to give it the 
same relation to the phase of lunar diurnal tide which the sun's hour-angle west has 
to the phase of solar diurnal tide, it will be seen that a must be equal to the excess 
of the moon's right ascension over the sun's right ascension (altered by 12^ if neces- 
sary) on the day on which the diurnal tide vanishes both at high and low water. 

In order to investigate the value of a with accuracy, the following process was 
used : — If from the table in page 1 7 we form the numbers " day of evanescence at low 
water — day of evanescence at high water," at Glenarm, or Donaghadee, &c., it will 
be seen that the four numbers at the same station have values alternately greater and 
less. This is owing, I conceive, to parallax, or some other cause which is periodical 
in one revolution of the moon nearly ; and a correction is probably necessary, appli- 
cable with opposite signs to the alternate values. Thus, comparing the second with 
the mean of the first and third, half the difi^erence is one value of the correction; 
comparing the third with the mean of the second and fourth, half the difference is 
another value of the correction ; and the mean of these may be used. Thus corrected 
values of the " day of evanescence at low water — day of evanescence at high water" 
were obtained. Taking the means of the corresponding corrected values for the six 
stations from Glenarm to Dunmore East, we have, 

Au^Ti A At s,u 1 -A^fif and the excess of the moon's ) ^^ " 

About July . 4-41, the mean value is 076, | j^^ ^^^^ ^j,^ ^^^.^ j^ ^ .^ j 20 46 

About July . 17'86, the mean value is 0*73 „ „ 99 S 33 

About August 1*92, the mean value is 0*47 jj >9 99 19 58 

About August 14'56, the mean value is 000 „ „ „ 7 13 

From the regularity of the progress of the numbers in the second and third columns, 
it appeal's certain that the value 7^ 13" for a must be very near the truth. 

From the recisoning above it will appear that, in the case of simultaneous eva- 
nescence of diurnal tide at high water and at low water, we have no means whatever 
of ascertaining the values of (l and p on that day. Or, if we take the expressions on 
page 22, we have for diurnal tide at high water, 

a.sinj3.sin{ ^ — 0-|-A}-|-i.sin{ a — 0-|-B}, 
and at low water, 

a.cos/3.sin{ ^ — 0+A}-|-i.co6{ d — 0-|-B}; 

E 2 
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and, on the same day when both vanish, 

j3 must ==<['— ©'+B and asin{ <[ '— ©'+ A} must = —A ; 
by which the expression for diurnal tide at high water is changed to 

a.sin{ d '— 0'+B}.sin{ a — O+A}— a.sin{ a '— o'+A}.sin{ a — O+B} 



=a.sin(B— A).sin{ <[—©—(['— ©'}, 

and that at low water is changed to 

a.cos{ ([ '- ©'+B}.sin{ a — ©+A}— a.sin{ d '— ©'+A}.cos{ c — ©+B} 

=a.cos(B— A).sin{ d — ©— a '— ©'}. 

The maximum of the compound diurnal tide at high water will then be a.sin(B— A), 
and that at low water a.cos(B— A). From the observed values of these maxima we 
may obtain the values of a and B— A ; but we cannot from these obtain either A or B, 
or a.sin/3, or b ; and thus the separation of the solar and lunar diurnal tides is in 
this case impossible. 

As it seemed probable that the same value of a {7^ IS*"), which was inferred from 
these stations, would apply to the other stations also, I changed the equations for 
u;, X, y, Zy to the form corresponding to a= 7** 13™. But, on attempting to solve 
them for Kilbaha, Kilrush, &c., I was entirely baffled. I could not in any instance 
approach to a solution. 

As a last resource I resorted to the following method. Although the observations 
cannot be supposed competent to furnish more than four unknown quantities, yet 
they may be combined, and with sufficiently favourable coefficients, for the determi- 
nation of the six quantities w, j7, tvj/, wZy ocy^ xz: as the equations will be simple, 
values can certainly be found for these quantities ; and then the accuracy of the re- 
sults will be tested by ascertaining whether the following equations hold; ^=-~, 

=— • In this manner then equations were formed and solved for the principal 

stations ; but at none of them was there any approach towards satisfying the equa- 
tions of condition which I have just given ; nor even upon reducing the results to a 
common phase of the diurnal tide-wave, by means of the intervals of diurnal esta- 
blishment to be given in Section IX., and taking the mean, was there any approach 
towards satisfying those equations. This is the last attempt that I made, and I con- 
fess myself, on the whole, completely unsuccessful. 

The following considerations may perhaps explain the failure of all these attempts. 
We have seen that when the days of evanescence, of diurnal tide in semidiurnal high 
water, and of diurnal tide in semidiurnal low water, coincide, it is absolutely impos- 
sible to extract from the equations a result relating to the distinction of solar and 
lunar effects. It may therefore be inferred that, when the days of evanescence 
nearly coincide, the determination of the quantities sought will be nearly impossible, 
or will be liable to very great errors. Now, at all the stations the interval between 
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the days of evanescence for semidiurnal high water and for semidiurnal low water is 
small, and therefore it appears that in the case of the Irish tides in question, the 
difficulty of separating the solar and lunar effects is inevitable. 

A treatment of the phenomena of diurnal tide which does not lead to a distinction 
of the solai^ and lunar effects must be considered as imperfect. And it has been ex- 
plained that, though from a short series of observations the distinction cannot be 
extracted, it can with certainty be obtained from a long series of observations. 
With a full avowal of the completeness of my own failure and with a statement at 
the same time of what science requires and what it may reasonably expect, I may be 
permitted to explain an expression which I have used in my tract on Tides and 
Waves, Art. 564, where I have said that a determination by Mr. Whbwbll is worth 
little. My intention was to express that the distinction of the solar and lunar effects 
was theoretically important, that it might be obtained from the observations there 
referred to, and that it was not obtained. In stating that Mr. Whewell*s determi- 
nation was worth little, my expression was thus far incorrect, that a general rule for 
the order of diumal tides, though liable to some inaccuracy, was really obtained by 
Mr. Whewell. I regret that I should have made a statement which could thus 
seem tube insufficiently founded, and still more that I should have expressed it in a 
phrase which could be interpreted as lightly esteeming the deductions of the writer 
to whom we are indebted more than to any other for the knowledge which we pos- 
sess regarding the laws of the tides. 

Section V. — Discussion of the height of apparent mean water, as deduced from the 
heights of high and low water onlt/j corrected for diumal tide ; with reference to 
dijference of station, and to variations of the magnitude of the tide and of the moon's 
declination. 

The heights at high and low water were corrected for the diurnal tide in height 
found in Section III. The age of the semidiurnal tide as deduced from heights 
having been found (by the process of the next section) to be about two days, the 
times were taken from the Nautical Almanac, at which the moon's hour-angle from 
the sun was 3*", 9^, IS'', 21'', and two days being added to these, the times were de- 
termined which were to be used as separating the large tides from the small tides. 
The groups of observations thus marked off were the following: — 

d h d h 

1st Group, June 28 6 to July 6 16, small tide. 

2nd Group, July 6 16 to July 13 3, large tide. 

3rd Group, July 13 3 to July 20 9, small tide. 

4th Group, July 20 9 to July 28 9, large tide. 

5th Group, July 28 9 to August 5 0, small tide. 

6th Group, August 5 to August 11 16, large tide. 

7th Group, August 11 16 to August 18 15, small tide. 
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For each of these groups the mean of the heights at high water was taken, and the 
mean of the heights at low water was taken. Then the mean of the determinations 
of each of these classes in the Ist^ 3rd^ Sth, and 7th groups was taken^ and thus was 
obtained a mean height at high water and a mean height at low water in small tides. 
The mean of these two means gave the Apparent Mean Height in small tides (so called 
in order to distinguish it from the Mean Height which will be found in Section XI.). 
By a similar treatment of the 2nd, 4th, and 6th groups, the mean height at high 
water, mean height at low water, and Apparent Mean Height, in large tides, were 
found. The results are as follows : — 



Station. 


Small Tides. 


Large Tides. 


Mean of Appa- 
rent Mean 
Heights. 


Excess of Appa- 
rent Mean 

Height in large 
tides above AmMft. 
rent Mean Height 

in small tideta 


Mean 

height at 

high water. 


Mean 

height at 

low water. 


Apparent 

Mean 

Height. 


Mean 

height at 

high water. 


Mean 

height at 

low water. 


Apparent 

Mean 

Height. 


Kilbaha 

Kilrush 

Foynes Island 

Limerick 

Casleh Bay 

Galway 

Old Head 

Mullaghmore 

Buncrana 

Port Rush 

Carrowkeel .... 

Ballycastle 

Glenann 

Donaghadee .... 

Ardgl&»8 

Clogher Head 

Kingstown 

Dunmore East . . 

New Ross 

Passage West .... 
Castle Townsend a. 


ft. 

19-34 

20-50 

21-82 

23-22 

21-81 

21-54 

21-18 

21-22 

20-68 

18-95 

20-00 

18-39 

20-08 

21-73 

22-64 

21-85 

21-04 

19*72 

21-23 

20-07 

18-90 


ft. 

11-92 
12-06 
11-68 

9-99 
14-12 
13-42 
14-28 
14-78 
13-90 
16-23 

15-87 
16-48 
15-11 
13-83 
12-64 
12-30 

13-69 
11-82 
11-92 

11-67 
12-22 


ft. 

15-63 

16-28 

16-75 

16-61 

17-97 
17-48 
17-73 
18-00 
17-29 
17-59 
17-94 
17-44 
17-60 
17-78 

17-59 
17-08 

17-37 
15-77 
16-58 

15-87 
15-56 


ft. 

21-79 

22-96 

24-39 
26-38 
24-43 
24*34 
23-60 
23-42 
23-23 
20-35 
21-66 

19-17 
20-60 
23-12 
24-64 
23-91 
22-59 
21-57 
23-31 
22-01 
20-44 


ft. 
9-57 

9-77 

9-13 
7-40 
11-52 
10-70 
12-04 
12-92 
11-47 
15-13 
14-72 
16-21 
14-67 
12-56 
10-68 
10-28 
12-05 
10-08 
10-42 
10-15 
10-87 


ft. 
15-68 

16-37 
16-76 

16-89 
17-98 
17-52 

17-82 

18-17 
17-35 

17-74 , 

18-19 
17-69 : 
17-64 ' 
17-84 
17-66 
17-10 
17-32 ! 
15-83 

16-87 1 
16-08 

15-66 

1 


ft. 

15-65 

16-32 

16-76 

16-75 

17-97 
17-50 

17-77 

18-08 
17-32 
17-66 
18-06 
17-56 
17-63 

17-81 

17-62 

17-09 
17-34 
15-80 
16-72 

15-97 
15-61 


ft. 
+ 0-05 

+ 0-09 
+ 0-01 
+ 0-28 
+ 0-01 
+ 0-04 
+ 0-09 
+ 0-17 
+ 0-06 
+ 0-15 
+ 0-25 
+ 0-25 
+ 0-04 
+ 0-06 

+ 007 
+ 0-02 
-0-05 
+ 006 

+ 0-29 
+ 0-21 
+ 0-10 



The column which first demands our attention is the ^^ Mean of Apparent Mean 
Heights.** The Apparent Mean Height increases in ascending the Shannon from 
Kilbaha to Limerick, and in ascending the Barrow from Dunmore East to New Ross. 
There is no difficulty in perceiving that such an effect must result from the mixture 
of a river-current with a tide, when the motion of the water is impeded by frictioUa 
But the Apparent Mean Height increases also from Kilbaha and Castle Townsend in 
going northward along both the eastern and the western coastSa And this occurs 
both at large tides and at small tides, with comparatively very little difference of 
amount. This conclusion will be fully supported by the results deduced by a more 
elaborate process from the whole mass of observations in Section XL The details 
of levelling in the first section will scarcely permit us to ascribe any large part of 
this seeming difference of Apparent Mean Height to error in the instrumental process. 
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I regard this as a most important result, and I cannot with confidence offer any ex- 
planation of it. 

The last column seems to show that the Apparent Mean Height is greater for large 
ranges of tide than for small ones, or that in spring tides the increase of elevation of 
the high water is greater than the increase of depression of the low water. A similar 
result has been found in the Thames. It does not appear to [ admit of explanation 
with our present theoretical knowledge. But in a period of two months it is impos- 
sible to separate the effects of varying range from those of varjring decliaation of the 
moon and other varying circumstances. 

For investigation of the effect of the moon*s declination on the apparent mean 
height, the following process was used. It is to be remarked that (setting aside the 
differences of the moon*s distance) the effect of southern declination is the same 
as that of northern declination ; and the effect is proportional nearly to the square 
of declination ; and therefore the groups into which our observations are to be di- 
vided are to be classified by large declinations (of either kind) and by small declina- 
tions ; the separating time being nearly that at which the moon's declination =--^x 

moon's maximum declination. The times being thus found, one day was added to 
each, and thus the following separation of groups was made. 

d h d h 

1st Group, June 26 3 to July 3 14, small declination. 

2nd Group, July 3 14 to July 10 2, large declination. 

3rd Group, July 10 2 to July 16 8, small declination. 

4th Group, July 16 8 to July 23 10, large declination. 

5th Group^ July 23 10 to July 30 22, small declination. 

• 

6th Group, July 30 22 to August 6 12, large declination. 
7th Group, August 6 l2 to August 12 15, small declination. 
8th Group, August 12 15 to August x9 16, large declination. 

For each of these groups, the mean of the heights at high water was taken, and 
the mean of the heights at low water ; and the mean of these gave a mean Apparent 
Mean Height in each group. The mean of the results from the 1st, 3rd, 5th and 7th 
groups, was used for small declinations, and the mean of the results from the 2nd, 
4th, 6th and 8th, was used for large declinations. At Ballycastle the first group was 
wanting. Thus the following Table was found. 
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Station. 


Apparent 

Mean 

Height 

with small 


Apparent 

Mean 

Height 

withuurge 


Excess of Apparent 

Mean Heisht with 

large declination 

above Apparent 




dedinafion. 


dedination. 


Mean Height with 
small declination. 




ft. 


ft. 


ft. 


Kilbaha 


16-64 


15-66 


-1-0-02 


Kilrush 


16-29 


16-36 


-1-0-66 


Fojnes Island • 


16-71 


16-81 


+ 010 


Limerick 


16-70 


16-79 


+ 0-09 


Casleh Bay . . • . 


17-94 


18-00 


+ 0-06 


Galway 


17-46 


17-63 


+ 0-07 


Old Head .... 


17-76 


17-79 


+ 0-04 


MuUaghmore . . 


18-06 


18-13 


+ 0-08 


Buncrana .... 


17-31 


17-38 


+ 0-07 


Port Rush .... 


17-64 


17-70 


+ 0-06 


CarrowkeeK • . . 


17-98 


18-11 


+ 0-13 


Ballycastle .... 


17-51 


17-60 


+ 009 


Glenarm 


17-66 


17-69 


+ 0-13 


Donaghadee . . 


17-77 


17-86 


+ 0-09 


Ardglass 


17-59 


17-70 


+ 0-11 


Clogher Head. . 


17*00 


17-18 


+ 0-18 


Kingstown .... 


17-26 


17-46 


+ 0-19 


Dunmore East . 


16-77 


16-82 


+ 0-06 


New Ross .... 


16-72 


16-69 


-003 


Passage West.. 


16-99 


16-93 


-0-06 


Castle Townsend 


15-60 


15-59 


-001 



1st Group, June 
2nd Group, June 
3rd Group, July 
4th Group, July 
5th Group, July 
6th Group, July 



d h 

22 11 to June 



In like manner, a series of groups was formed, determined by the increase or de- 
crease of the moon's declination without regard to its sign ; one day being added to 
each of the times when the moon's declination was 0, and when it was maximum 
either north or south. Thus the following separation of groups was made. 

d h 

29 2 1 , declination decreasing. 
29 21 to July 7 0, declination increasing. 
7 to July 
13 3 to July 
19 19 to July 

27 4 to August 3 9, declination increasing. 
7th Group, August 3 9 to August 9 12, declination decreasing. 
8th Group, August 9 12 to August 16 0, declination increasing. 
9th Group, August 16 to August 23 11, declination decreasing. 

The mean of results from the 1st, 3rd, 5th, 7th and 9th groups was used for de- 
creasing declination, and that of results from the 2nd, 4th, 6th and 8th, for increasing 
declination. At the first six stations, and at Ballycastle and Passage West, the first 
group was deficient. Thus the following Table was formed. 



13 3, declination decreasing. 
19 19, declination increasing. 
27 4, declination decreasing. 
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Apparent 
Mean Height 


Apparent 
Mean Height 


Excess of Apparent 
Mean Height with de- 


Station. 


with de- 


with in- 


creasing declination 




creasing 
declination. 


creasing 
declination. 


over Apparent Mean 
Height with increa- 


• 






sing declination. 




ft. 


ft. 


ft. 


Kilbaha 


15-65 


15-64 


+ 0-01 


Kilrush ' 


16-37 


16-27 


+ 0-10 


Foyues Island . 


16-76 


16-74 


+ 0-02 


Limerick 


16-84 


16-64 


+ 0-20 


Casleh Bay. . . . 


17-96 


17-95 


+ 0-01 


Galway 


17-50 


17-47 


+ 0-03 


Old Head .... 


17-85 


17-37 


+ 0-48 


M ullaghmore . . 


18-23 


17-99 


+ 0-24 


Buncrana .... 


17-47 


17-27 


+ 0-20 


Port Rush 


17-82 


17-57 


+ 0-25 


Carrowkeel.. .. 


18-19 


17-92 


+ 0-27 


BallycasUe .... 


17-68 


17-45 


+ 0-23 


Glenaim 


17-73 


17-59 


+ 0-14 


Donaghadee . . 


17-91 


17-77 


+ 0-14 


Ardglass 


17-72 


17-59 


+ 0-13 


Clogher Head. . 


17-17 


17-05 


+0-12 


Kingstown .... 


17-41 


17-35 


+ 0-06 


Dunmore East . 


15-87 


15-76 


+ 0-11 


New Ross «... 


16-85 


16-61 


+ 0-24 


Passage West • . 


16-05 


15-89 


+ 0-16 


Castle Townsend 


15-65 

1 


15-57 


+ 0-08 



It would seem from this that, if the apparent mean height depends upon the moon's 
declination, it is greatest when the moon's declination has decreased nearly to the 
point where the argument of declination is 135^ or 315^ (which makes the declina- 
tion ='-^x maximum declination). Thus at the middle of the observations, it is 

greatest about July 22. Now on July 22, the magnitude of the tide, though above 
the mean, was not maximum. From this circumstance, and from the decided supe- 
riority in magnitude of the excess found by classifying the tides by the moon's decli- 
nation, over the excess found by classifying the tides by the magnitude of the tide, 
it appears extremely probable that the excess does really depend on the moon's de- 
clination. In that case, the greatest apparent mean height will occur about four 
days after the day of greatest declination. 

Section VI. — Discussion of the range of tide ; and of semimenstrual inequality/ in height , 
apparent proportion of solar and lunar effects as shoum hy heights^ and age of tide 
as shown by heights ; from high waters and from low waters. 

The numbers from which we shall extract the results of this section are contained 
in the table of page 30. The means of the heights are made subservient to the 
accurate determinations of specific heights in the following manner. If 6 is the dif- 
ference of right ascension of the sun and moon, S and M their respective single 
effects, then (neglecting declinations, &c.) the actual height may be represented by 



A+Mi/ 



{•+^ 



cos2tf+5j5!- If we expand this and integi-ate from tf= — 45° to 
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tf=+45°, and divide by g* we obtain the expression for the mean of large tides. If we 
integrate from tf = 45° to 6= 135°, and divide by ^ > we obtain the expression for the 

4 2 S^ 

mean of small tides. The difference between these, which will be found to be -S— ^'o«' 

is the same as the difference between the second and fifth columns in the table of p. 30, 
if high water is under consideration, or as the difference between the third and sixth 
columns, if low water is under consideration, or as the difference between the 2nd co- 
lumn —3rd, and 5th column -^6th, if the range is considered. The second term of the 

4 T 

formula may sometimes be omitted : and then we have ^S= difference, and S = ^x 

difference, S being the solar effect in the elevation or range under consideration. If 
we add this to the mean elevation, which is represented by A+M nearly, we shall 
have A+M+S which is the absolute maximum ; and if we subtract it, we have 
A+M— S, which is the absolute minimum. The same applies to range, with this 
difference only, that the constant A will be eliminated in subtracting the heights at 
low water from those at high water. 

In order to obtain the value of w » we may remark that the difference of the two 

S 2 S8 

M siiiP 

means divided by half the sum is —z ^^^ ; and if we call this S, we easily find 

n*+4M0 

jj=^S| 1 +72(^0 f ' *^^ which the last term is small. 

Neither of these expressions is perfectly correct, because they assume that the tidal 
day is always of the same length. 

By means of these formulae^ and the numbers on page 30, the following Table is 
formed. 
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Difierence of mean 


Propor- 












^M 










heights 
tides and 


in large 
1 in small 


tion of 
difference 


Range in 


Range in 


V^ • j^ 


MfiAn 


Differ- 


Corre- 
spond- 


Absolute 


Absolute 


Half 


Station. 


tides. 


at high 

water to 

difference 

at low 


mean of 
large 
tides. 


mean of 
small 
tides. 


Differ- 
ence. 


range, 
or M. 


divided 

by mean 

range. 


ing 
value of 

S 

M' 


maxi- 
mum 
nmge. 


mini^ 
mum 
range. 


differ, 
ence, 
or S. 


High 


Low 




water. 


water. 


water. 






















ft. 


ft. 


ft. 


ft. 


ft. 


ft. 


ft. 






ft. 


ft. 


ft. 


Kilbaha 


2-45 


2-35 


1-04 


12-22 


7-42 


4-80 


9*82 


0-49 


0-41 


13-8 


5-8 


4-0 


Kilrosh 


2-46 


2*29 


1-07 


13-19 


8-44 


4-75 


10-82 


0-44 


0-36 


14-7 


6-9 


3-9 


Foynes Island . 


2-67 


2-55 


1-01 


15-26 


10-14 


5-12 


12-70 


0-40 


0-33 


16-9 


8*5 


4-2 


Limerick 


3-16 


2-59 


1-22 


18-98 


13-23 


5-75 


16-11 


0-36 


0-29 


20-8 


11-4 


4-7 


CaslehBay 


2-62 


2-60 


1-01 


12-91 


7-69 


5-22 


10-30 


0-51 


0-43 


14-7 


5-9 


4-4 


Galway 


2*80 


2-72 


1-03 


13-64 


8-12 


5-52 


10-88 


0-51 


0-43 


15-6 


6-1 


4-7 


Old Head .... 


2-42 


2-24 


1-08 


11-56 


6-90 


4-66 


9-23 


0-50 


0-42 


13-1 


5-3 


3-9 


Mullaghmore . . 


2-20 


1-86 


M8 


10-50 


6-44 


4*06 


8-47 


0-48 


0-40 


11-9 


5-1 


3-4 


Buocrana .... 


2-55 


2-43 


1-05 


11-76 


6-78 


4-98 


9-27 


0-54 


0-46 


13-6 


50 


4-3 


Port Rush . . • • 


1-40 


MO 


1-27 


5-22 


2-72 


2-50 


3-97 


0-63 


0-55 


6-0 


1-8 


2-2 


Carrowkeel. . . . 


1-66 


1-15 


1*44 


6-94 


4-13 


2-81 


5-54 


0-51 


0-43 


7-9 


3-1 


2-4 


Ballycastle .... 


0-78 


0-27 


2-90 


2-96 


1-91 


1-05 


2-44 


0-43 


0-36 


3-3 


1-5 


0-9 


Glenarm 


0-52 


0*44 


M8 


5-93 


4-97 


0-96 


5-45 


0-18 


0-14 


6-2 


4-7 


0-8 


Donaghadee .. 


1-39 


1-27 


MO 


10-56 


7-90 


2-66 


9*23 


0-29 


0*23 


11-3 


7-1 


2-1 


Ardglass 


2-10 


1-96 


1-07 


13-96 


9-90 


4-06 


11-93 


0-34 


0-27 


15-1 


8-7 


3-2 


Clogher Head. . 


2-06 


2*02 


102 


13-63 


9*55 


4-08 


11-59 


0-35 


0-28 


14-8 


8-4 


3-2 


Kingstown 


1-55 


1-64 


0-95 


10-54 


7-35 


3*19 


8-95 


0-36 


0-29 


11-6 


6-4 


2-6 


Dunmore East . 


1-85 


1-74 


1-06 1 


11-49 


7-90 


3-59 


9-70 


0-37 


0-30 


12-6 


6-8 


2-9 


New Ross .... 


2-08 


1-50 


1-39 ' 


12-89 


9-31 


3-58 


11-10 


0-32 


0-26 


14-0 


8-2 


2-9 


Passage West . . 


1-94 


1-52 


1-28 ! 


11-86 


8-40 


3-46 


10-13 


0-34 


0-27 


12-8 


7-4 


2-7 


1 Castle To wnsendj 


1-54 


1-35 


M4 ; 

1 


9-57 


6-68 


2-89 


8-13 


0-36 


0-29 


10-5 


5-7 


2-4 



The numbers in this table present several subjects for our consideration. 

First, it is to be remarked that the difference between the numbers of the second 
and third columns corresponds to the number in the last column of the table on 
page 30 (it is, in fact, the double of that number) ; but the exhibition of the numbers 
in this form serves, in some instances, to point out their origin more distinctly. At 
Limerick, for instance, it appears that a large tide produces less effect on the low 
water than on the high water ; and the reason evidently is, that the height of low 
water there depends more upon the freshwater current of the river Shannon, than 
upon the state of the water in the sea, whereas the height of high water depends 
mainly on the sea. The same explanation applies at New Ross and at Passage West. 
It does not however apply to Mullaghmore, Port Rush, Ballycastle, or Glenarm ; nor, 
with perfect certainty, to Carrowkeel. I must refer to Section X. and some of the 
succeeding sections, for a statement of the laws of the individual tides at these places ; 
and shall only remark here, that much remains to be done with the theoretical treat- 
ment of the motion of waves, before the tides on the north-eastern coast can be fully 
explained. 

The next column which deserves particular attention is that for ^ • From the 

agreement among the numbers at the littoral stations on the western coast (Kilbaha, 
Casleh Bay, Galway, Old Head, Mullaghmore), it seems certain that the value of 

V7 9 in this part of the Atlantic, is pretty exactly 0*42. At Brest, in a position equally 

f2 
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exposed to the open sea, Laplace found |^ = 0*33. I imagine that, as regards the 

sun*s position in declination, the present series of tides may be supposed to give a 

value for w differing very little from the mean, but mther too small than too great. 

If so, here is an undoubted discordance. Yet it is remarkable that the series of 
numbers in this table presents a still greater discordance under circumstances where 
we should hardly expect it. The littoral station of Castle Townsend is fully open to 
the Atlantic ; and those of Dunmore East, Kingstown, and Clogher Head, are more 
and more subject to the effects (whatever they may be) of the inclosure of the Irish 

Channel. Yet all these stations, including Castle Townsend, give for ^ a value of 

about 0-28. 

In speculating on the causes of these discordances, it is important to observe, that 
the relation of the successive changes of a progressive tide may be considered in two 
different ways. One of these ways is applicable properly to rivers and similar chan* 
nels; it consists in assuming that each semidiurnal tide is nearly independent of 
every other semidiurnal tide, and that the quantities of the second and higher orders 
of the range are sensible*. The other is applicable to open seas, where the vertical 
oscillation is insignificant in comparison with the depth, and where the alteration of 
the horizontal surface, by the shoaling of the shore, is perfectly unimportant; here 
the principle of the superposition of small movements applies, and the solar and 
lunar tides may be considered as perfectly independent. Thus considered, the dis- 
cordance to which I have alluded may be stated thus: the lunar tide at Castle 
Townsend is less than that at Kilbaha, in the proportion of 8*13 to 9*82, but the solar 
tide at Castle Townsend is less than that at Kilbaha, in the proportion of 2-4 to 4*0. 
There can be no doubt that in the lunar tide, the difference between 8*13 and 9*82 
depends (among other circumstances) upon the periodic time of the tide, inasmuch 
as a tide infinitely slow would produce the same effect at both stations ; and there- 
fore we must not be surprised that the solar tide, whose recurrence is more rapid 
than that of the lunar tide, should undergo a larger proportional alteration, like that 
between 2*4 and 4*0. 

In another section I shall show that between Dunmore East and Kingstown, the 
tide is suddenly and completely reversed, high water at one of these stations corre- 
sponding exactly (in time) to low water at the other ; while from Dunmore East to 

Donaghadee, there is scarcely any perceptible difference of phase. It is worthy of 

g 
remark, that during these changes and coincidences, the value of w is unaltered. 

g 
The remarkable change in the values of |^ at Port Rush, Ballycastle, and Glenarm, 

depends also, without doubt, upon the difference of the modifications produced in the 

* Encyclopaedia Metropolitana, Tides and Waves, Section IV., Subsection 3. 
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solar and in the lunar tides, by the narrow channel which, beginning with Islay (op* 
posite Port Rush), continues to the Mull of Galloway (opposite Donaghadee). But I 
profess myself totally unable to explain with greater accuracy why, in passing from 
Mullaghmore to Ballycastle, the principal reduction of lunar tide takes place between 
MuUaghmore and Port Rush, while the principal reduction of solar tide takes place 
between Port Rush and Ballycastle. 

The successive diminution in the values of j^ from Kilbaha to Kilrush^ Foynes 

Island, and Limerick, as well as the reduction from Dunmore East to New Ross, and 
that from Port Rush to Buncrana and Carrowkeel^ are to be explained from the other 
considei*ation which I have described as applicable to rivers. In fact^ in these cases, 
from the very greatly contracted current-way at low water, the effect of variation in 
the depression of the oqean low water is very small, and therefore the effect of semi- 
menstrual inequality is sensible almost only in the high water, and its whole effect 
on the range is therefore less than it ought to be. 

Before dismissing this table, I shall remark, that the very great diminution in the 
range of tide in the North Channel, makes it impossible for us to believe that the 
tide in the Irish Channel is supplied from the North Channel, however much the 
consideration of the times in the next section may lead us, in the first instance, to 
imagine so. 

I will now proceed with the age of the tide as shown by the heights. The method 
employed was the following : — 

The mean heights having been found from the preceding tables, the heights for 
every day (corrected for diurnal tide) were examined, and the time was ascertained 
as nearly as practicable at which the height coincided with the mean height. These 
times were then compared with the times at which the moon*s hour-angle from the 
sun was 3^ 9^ 15^ and 21**; namely, June, 26^6**; July, 4^ 16S 11** 3*^, 18** 9\ 
26^ 9^; August, 3^ 0^ 9** 16**, 16** 15**. High waters and low waters were treated 
separately. At each place eight comparisons were obtained for high water and eight 
for low water : excepting that in the high waters, no comparison was made at Old 
Head with July 11^3**, and 18** 9** (the times of mean height being very uncertain) ; 
nor at Ballycastle, with July 1 8^ 9'' and 26** 9'* (for the same reason), nor with June 
26** 6'' (the observations having commenced too late) ; nor at Glenarm, Donaghadee, 
or Kingstown, with July 1 8** 9** and 26** 9'' (the times being uncertain). The results for 
each place being collected, and the means being taken, the following Table was 
formed : — 



38 



MR. AIRY ON THE LAWS OP THE TIDES 





Age of Tide as inferred from Heights. 




Station. 


High water. 


Low water. 


Station. 


High water. 


Low water. 


Kilbaha 

Kilrush 

Foynes Island 

Limerick 

Casleh Bay 

Galway 

Old Head 

Mullaghmore .... 

Buncrana 

Port Rush 

Carrowkeel 


d h 
2 2 

1 21 

2 2 
2 2 
2 
2 2 
1 15 

1 22 

2 1 
1 17 

1 17 


d h 
2 
2 3 

2 4 
2 7 
2 2 
2 2 
2 6 
2 8 
2 5 
2 5 
2 6 


Ballycastle 

Glenarm 

Donaghadee .... 

Ardglass 

Clogher Head.. . . 

Kingstown 

Dunmore East . . 

New Ross 

Passage West .... 
Castle Townsend . 


d h 

2 2 

1 7 

1 19 

2 5 
2 4 

1 20 

2 1 
2 2 
1 21 
1 21 


d h 
2 17 
2 6 
2 17 

2 11 

3 4 
2 13 
2 14 
2 14 
2 7 
2 9 



In the Encyclopaedia Metropolitana, Tides and ff^aves. Art. 545^ I have given 
reasons for believing that the true age of the tide is that given by the heights. From 
the inspection of this table it appears certain that the age of the tide on the western 
coast of Ireland is almost exactly two days. The different results are upon the whole 
very consistent. Yet there are some discordances which I cannot entirely explain. 
The most distinctly marked discordance is this — that the age given by the Low 
Waters is, in every instance except one, greater than that given by the High Waters. 
I have shown, I think, with certainty, in the Encyclopaedia Metropolitana, Tides and 
fVaveSy Articles 452 and 544, that the cause of the principal part of the apparent age 
of tide is friction. It appears to me not unlikely, that, on carrying out the theory of 
friction in combination with the consideration of oscillations bearing a finite propor- 
tion to the depth of the sea, the apparent age of the tide might be found greater for 
low waters than for high waters. But I have not examined the theoiy so far as to 
feel myself warranted in positively assigning this as the explanation. 

Section VII. — Establishment of each port, and progress of semidiwmal tide round the 

island. 
The process used in this investigation is very nearly similar to that by which the 
table in page 30 was formed. The mean interval from the moon's transit at Green- 
wich to the time of tide was found (by the operations of the next section) to coincide 
with the actual interval nearly at the following times : — Port Rush and Ballycastle 
(high and low), June, 22^ 9^, 30^ 20^* ; July, 7^ 19\ 14^ 2lS 21^ 23*», 30^ \Q^ ; August, 
gd 4h^ 13d 5h^ 20*' le"" : Kilbaha, Kilrush, Casleh Bay, Galway, Mullaghmore, Buncrana, 
Carrowkeel, Glenarm, Donaghadee, Ardglass, Clogher Head, Kingstown, Castle 
Townsend, (high and low), 1** 8*" later; Foynes Island, Old Head, Dunmore Ektst, 
Passage West (high and low). Limerick (high only), 20** later than the last ; New 
Ross (high and low), 23*' later than the last ; Limerick (low only), 22** later than the 
last, or 4** 1*" later than at Port Rush and Ballycastle. The intervals from the moon's 
transit to the time of tide being taken for every tide (the high water, Ist division, 
being referred to I he upper transit, the low water, 1st division, to the transit over the 
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meridian 6** west, the high water, 2nd division, to the lower transit, and the low water, 
2nd division, to the transit over the meridian 18^ west), groups were formed divided 
by the times above mentioned, and the mean of the intervals was taken for each group. 
Thus the following Table was formed : — 



Station. 


High water. 


Low water. 


Mean of 


Mean of 


Mean of 




Mean of 


Mean of 






large 


small ' 


Mean. 


large 


small 


Mean. 


both. 




intervals. 


intervals. 




intervals. 


intervals. 








h m 


h m 


h m 


j h m 


h m 


h m 


h m 


Kilbaha 


5 11 


4 23 


4 47 


1 5 6 


4 12 


4 39 


4 43 


Kilrush 


5 22 


4 31 


4 56 


1 5 20 


4 28 


4 54 


4 55 


Foynes Island.... 


6 15 


5 30 


5 52 


i 6 


5 12 


5 36 


5 44 


Limerick 


6 46 


6 


6 23 


J 7 14 


6 17 


6 45 


6 34 


CaslehBay 


5 21 


4 30 


4 55 1 


1 5 11 


4 14 


4 42 


4 48 


Galway 


5 28 


4 40 


5 4 


5 11 


4 13 


4 42 


4 53 


Old Head 


5 22 


4 47 


5 4 


5 22 


4 45 


5 3 


5 4 


Mullaghmore .... 


6 2 


5 9 


5 35 


5 53 


5 7 


5 30 


5 33 


Buncrana ...... 


6 45 


5 39 


6 12 


6 34 


5 36 


6 5 


6 8 


Port Rush 


7 29 


6 


6 45 


7 14 


5 59 


6 36 


6 40 


Carrovkeel 


8 11 


7 2 


7 36 


8 1 


7 4 


7 32 


7 34 


Ballycastle 


8 37 


6 14 


7 25 


8 47 


7 3 


7 55 


7 40 


Glenarm 


11 1 


10 26 


10 43 


11 7 


10 22 


10 44 


10 44 


Donaghadee .... 


11 21 


10 42 


11 1 


11 23 


10 36 


11 


11 1 


Ardglass 


11 21 


10 40 


11 


11 25 


10 38 


11 2 


11 1 


Clogher Head. . . . 


11 41 


10 54 


11 17 


11 34 


10 47 


11 10 


11 14 


KiDgstown 


11 52 


11 6 


11 29 


11 29 


10 41 


11 5 


11 17 


Dunmore East . . 


5 32 


4 47 


5 9 


5 41 


4 56 


5 18 


5 13 


New Ross 


6 17 


5 36 


5 56 


6 55 


6 9 


6 32 


6 14 


Passage West.... 


5 38 


4 55 


5 16 


5 52 


5 9 


5 30 


5 23 


Castle TowDsend . 


5 16 


4 29 


4 52 


5 19 


4 30 


4 54 


4 53 



On inspecting the intervals for Castle Townsend, Kilbaha, Casleh Bay, Galway, 
Old Head, and Mullaghmore, it appears evident that the semidiurnal tide approaches 
the western coast of Ireland very nearly from the west, or possibly from a direction 
a little south of the west. On examining the intervals at Port Rush, Ballycastle, 
Glenarm, Donaghadee, their regular progression seems at first to show that the tide 
wave enters the Irish Sea by way of the North Channel. But the objections to this 
supposition are most serious. Theoretically it is certain that (even without regarding 
the effects of friction) when a tide- wave passing through a narrow channel enters into 
a wide one its vertical range will be diminished '*^. But here the mean range in the 
narrow channel at Ballycastle is only 2^ feet and at Glenarm 5^ feet : this tide-wave 
therefore could not possibly produce a tide of more than one or two feet in the Irish 
Sea ; whereas, from Ardglass southward to Kingstown, the range is from ten to twelve 
feet. It seems therefore that this supposition may at once be dismissed ; and the 
only supposition which can be substituted for it is, that the tide-wave enters the Irish 
Sea by St. George's Channel. But here a most remarkable circumstance occurs. A 
reference to the table above will show that the high water at Kingstown occurs six 
hours and a few minutes later than that at Dunmore East, or, in other words, that 

* Encyclopedia Metropolitana, Tides and Waves, Art. 264. 
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the high water at Kingstown coincides precisely with the low water at Dunmore Elast^ 
and vice versd. Moreover, between these two stations occurs the station Courtown ; 
and here, as will appear in Section XVII., the semidiurnal tide is nearly insensible. 
The difference in the times at Dunmore East and Kingstown does not therefore arise 
from a slow transmission of tide ; but arises from a sudden inversion of the wave, the 
point which separates elevation from depression being not far from Courtown. And 
the question now is, whether, on the supposition that the tide-wave enters the Irish 
Sea by this southern entrance, it is possible to explain the existence of this neutral 
point and the inversion of the tide beyond it. 

The explanation which I have to give rests upon a proposition long known to me 
as a matter of theory, but for which I never expected to find a practical application. 
In the Encyclopaedia Metropolitana, Tides and fFaves, Art. 307, I have shown that 
when the tidal wave enters a gulf (considered as a canal of uniform breadth and 
depth, stopped by a transverse barrier), the expression for the elevation of the water at 

the time # at a point whose distance from the sea is x, is ^^^^ 'sin n^+B.cos ma— iwo: ; 

*^ cos ma ' ' 

where n is the constant proper to the periodic time of the tide-wave, —:=:^^x depth, 

and a is the whole length of the canal. This expression shows that the vertical 
oscillations are simultaneous throughout ; the coefficient in each place being 

cos ma— /nx. Now if the canal is so long and so shallow that ma is greater 



cos ma 



than o; then, on taking •a^=«"— o^ the coefficient vanishes ; and on taking x greater 



2m 



than a--2m ^^^ coefficient changes its sign. This case then agrees, as regards the 

simultaneity and the inversion, with the case of observation before us, and all that is 
necessary for its complete application is, that the virtual head of the channel be sup- 
posed to be at a distance from Courtown equal to that which a progressive wave 

would pass over in 3** 6™ (which would make ma:=^Y Without professing myself 

able to enter into details upon the depth of the water and the form of the supposed 
channel, I express my belief that this solution does accurately apply here : and I re- 
gard it as one of the most remarkable cases that has ever been noticed in the obser- 
vations of tides. 

Assuming then that the tide of the Irish Sea is explained, we have only further to 
explain the apparent passage of the tide through the North Channel. This is merely 
a case of the proposition in Art. 310 of the Tides and IVaveSj relating to a canal join- 
ing two tidal seas, from which it appears that there will always be in such a canal an 
apparent pasaage of the tide-wave in the same direction at every part. To represent 
the circumstances completely, it would be necessary to introduce the consideration of 
friction. 
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The only remaining result of the table in page 39 which deserves attention here, is 
the difference of the times occupied by the rise of the water and by the fall of the 
water. In the river stations (Limerick and New Ross) the fall of the water occupies 
a longer time than the rise. This^ as a consequence of theory^ is explained in Art. 206 
of the Tides and fVaves. At most of the other stations, the rise appears to occupy a 
very little longer time than the fall. This, however, as it depends on the estimation of 
the times of high and low water, is subject to great doubt : the terms upon which such 
difference depends vnll be investigated with great accuracy in Sections X. and XVI. 

Section VIII. — Semimenstrual inequality in time, proportion of solar and lunar effects 
as shown hy times j and apparent age of tide as shown hy times ; from high water 
and from low water. 

The interval from the moon's transit over the meridian to high water (and similarly 
from the moon's transit over the six-hour meridian to low water) is theoretically ex- 

S . ^* 

pressed by E+F, where E is a constant, and tan2F= g * 6 being the hour- 

l + Tr7C082« 

M 

angle of the moon from the sun. The declinations, &c. are supposed here to have their 
mean values. Investigating from this the expression for F, integrating from ^=0 to 

0=^ and dividing by ^y we obtain the value of the mean of large intervals ; performing 
the same operation from 6=^ to 0=r^ we obtain the value of the mean of small in- 
tervals. The difference which will be found =;'5i*( 1+9(51) /• ^® the difference be^ 

tween the 2nd and 3rd columns or between the 5th and 6th columns in page 39, ex- 
pressed in arc ; or, as 2t of arc in the estimation of and F correspond to a tidal day 
of 1488°^, if we put i for the number of minutes in that difference, the equation is 

From this we obt^un 



M = i488>< |1-9*VT488; jneady; 



and then the maximum value of F in arc will be found by making sin2F=j^> and 

converting F into time by the proportion stated above. Thus the foUovnng Table is 
formed. 



MDCCCXLV. 
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Station. 


High water. 


Low water. 


Mean of 

values of 

S 

M* 


Difference of 
means of large 

intervals and 
small intervals. 


Value of 
S 


Maximum 

semimenstmal 

inequality 

±* 


IMfference of 
means, of large 

intervals and 
small intervals. 


Value of 
S 

M* 

a 


Maximum 

semimenstmal 

inequality 


KUbaha 

Kilrush 

Foynes Island. • . . 

Limerick 

Casleh Bay 

Galway 

OldHead 

Mullaghmore .... 

Buncrana 

Port Rush 

Carrowkeel 

Ballycastle ..;... 

Glenarm 

Donaghadee .... 

Ardglass 

Clogher Head. . . . 

Kingstown 

Dunmore East . . 
New Ross ...... 

Passage West .... 

Castle Townsend . 


m 
48 
61 
45 
46 
61 
48 
35 
63 

ee 

89 

69 

143 

35 

39 
41 

47 
46 
45 
41 
43 

47 


0-32 
0-34 
0-30 
0-31 
0-34 
0-32 
0-23 
0*35 
0-42 

0-57 
0-45 
0-82 
0-23 
0-25 

0-27 
0-31 
0-31 
0-30 
0-27 
0*28 
0-31 


ro 

38*5 
41 
36 

37 
41 
38-5 

27 
42 
51 
71-5 
54-5 
113 

27 
30 
32 
37 
37 
36 

32 

33-5 

37 


m 
64 
62 
48 
62 

67 

58 

37 
46 
58 
75 

67 
104 

45 

47 
47 
47 

48 

47 
46 
43 
49 


0-35 
0-34 
0-32 
0-40 
0-37 
0-37 
0*24 
0-31 
0-37 
0-49 
0-37 
0*65 
0-30 
0-31 
0-31 
0*31 
0-32 
0-31 
0-31 
0-28 
0-33 


42 

41 

38-5 

48-5 

44*5 

44-5 

28-5 

37 

44-5 

60 

44-5 

83 

36 

37 

37 

37 

38-5 

37 

37 

33*5 

39-5 , 


0-34 
0*34 
0-31 
0-35 
0-36 
0-34 
0-24 
0*33 

o-3g 

0-$3 
0-41 
0-74 
0-26 
0-28 

0-29 
0-31 
0-31 
0-31 

0'29 
0*28 
0-32 



I have stated in the Encyclopaedia Metropolitana, Tides and fVaves, Art. 638, that 

I consider the values of ^ deduced from the seraimenstrual inequalities in time to be 

real and certain representations of the proportions of the sun's effect to the moon^s 
effect in the seas in the neighbourhood of each station; those deduced from the 
heights being liable to the effects of many local disturbing causes which do not affect 
those deduced from the times. In this view the ta.ble above deserves consideration. 
The littoral stations (including those in the Irish Sea) agree in giving a value of 0*32 
or 0*33, nearly the same as that found at Brest by Laplace and Sir J. W. Lubbock. 
But at Port Rush and Ballycastle (the first stations in the North Channel) the lunar 
tide appears to be diminished in a far greater proportion than the solar tide. And 
then, after this alteration of relative magnitude has been established in the open sea 
of the neighbourhood, it appears to be again nearly destroyed by some local cause 

affecting the heights, so that in the table of page 35, the value of |j^ is restored to its 

avemge value. As far as the observations can be trusted for accuracy, the two con-^ 
elusions which I have mentioned appear at first sight perfectly certain ; for the great? 

est difference of intervals from moon's transit (on which the value of j^ in this page 

depends) is deduced from comparisons of the times of tides of equal vertical range, 
in which therefore the stream of tide in the neighbouring channels of small depth 
and width, &c. was the same, and therefore could not disturb the difference of times. 
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But the value in page 35 is deduced from the comparison of high and low tides, in 
which the stream of tides, &c. is different. The second apparent alteration can take 
place only where the tide has arrived at such localities that the second order of the 
vertical oscillation produces sensible terms. I was at first misled by the plausibility 
of this reasoning. 

Its fallacy, or rather its error, will appear from the following considerations. The 
semimenstrual inequality in time which theoretically is proper for giving the value 

of w is that which depends only upon those differences of time which are caused by 

difference in the relative positions of the sun and moon, when the magnitudes of the 
tides are exactly the same. But when there also exists a difference of time caused 
by the difference of magnitude of the tide (having its maximum nearly at the time 
of evanescence of the proper semimenstrual inequality), then these two differences or 
inequalities are combined, forming a single inequality whose time of evanescence is 
different from those of both the original inequalities, and whose magpiitude is greater 
than the magnitude of either. Thus it appears that the gross semimenstrual ine- 

quality in time must not be used for estimation of j^* A correct application of these 

principles, and a consequent harmony of results, will be seen in Section XIV. 

At every station except Mullaghmore, the value of ^ in the table above appears 

greater at low water than at high water. This evidently depends upon the difference 
in times (as affected by magnitude of tide) for low water and for high water, which 
is combined as above stated with the proper semimenstrual inequality. 

Mr. WhewelL, in his invaluable memoirs on cotidal lines, stated that there were 
great contradictions in the accounts of the establishment of Ballycastle. The num- 
bers above serve in some degree to explain this. The semimenstrual inequality alone, 
comparing observations taken when its value was maximum positive with those taken 
when its value was maximum negative, would produce nearly four hours of uncer- 
tainty. More than half an hour (see the table in page 19) might be added by the 
diurnal tide. 

I shall now proceed with the age of tide as shown by the times. The method em- 
ployed was the same as for the heights, in forming the table in page 38. The times 
were ascertained at which the interval from moon*8 transit over the meridian to high 
water (and similarly the interval from moon's transit over the 6-hour meridian to 
low water), corrected for diurnal tide, agreed with the mean interval for high water 
(or for low water) in page 39. These times were then compared with the times at 
which the moon's hour-angle from the sun was 0**, 6*", 12**, 18^ ; namely, June, 22^ 9^, 
30^ 20^; July, 7^ 19^ 14^ 21^ 21^ 23^ 30^ 16^ August, 6^ 4^ 13** 5\ 20^ 16^ 
The high and low waters were treated separately. At Ballycastle low water six re- 
sults only were obtained ; for all the other determinations seven or eight results were 
compared. Thus the following Table was formed. 

G 2 
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Age of Tide as inferred from Times. 



Sution. 



High water. 



Low water. 



Kilbaha 

Kilnish 

Foynes Island. . . 

Limerick 

Casleh Bay 

Galway 

Old Head 

M ullagbmore . . . 

Buncraoa 

Port Rush 

Carrpwkeel 



d 
1 
1 
1 
1 
1 
1 
2 
1 
1 

1 



h 
8 

13 

21 

22 

14 

10 

10 

6 

4 

4 





d h 
1 5 

1 10 

2 2 
4 1 

22 

1 7 

2 9 
1 11 
1 3 

7 

1 1 



Station. 



Ballycastle 

Glenann 

Donaghadee .... 

Ardglass 

Clogher Head. . . . 

Kingstowu 

Dun more East . . 

New Ross 

Passage West .... 
Castle Townsend . . 



High water. 



Low water. 



d 
-0 
+ 1 
1 
1 
1 

2 
2 
2 
1 



h 

11 

14 

7 
8 
10 
22 
11 
20 
2 
12 



d h 
-0 19 
1 9 
1 9 
I 15 

1 12 

23 

2 8 

3 11 

1 19 
1 6 



In the Tides and fVaveSy Art. 463 and 465, 1 have shown that the age of tide in- 
ferred from the times of high water in a river (where spring-tide high waters pass 
more rapidly than neap-tide high waters) is too small^ and that the age of tide in- 
ferred from the times of low water in a river (where spring-tide low waters pass more 
slowly than neap-tide low waters) is too great. These propositions, at least the 
second, are well illustrated at Limerick and New Ross. For the other stations I 
feel myself in some difficulty. With the exception only of Old Head, Dunmore East, 
and Passage West, all the ages of tide above are too small, for low water as well as 
for high water. This requires us to assume that all the phases of the tide-wave (low 
water as well as. high water) are transmitted over the sea more rapidly in the spring- 
tides than in the neap-tides. I conjecture that some theory of friction may possibly 
explain this. It cannot be explained by supposing the second power of the small 
movements sensible ; for on that assumption the age of tide given by low water 
would be increased. 

It is worthy of remark that at Ballycastle the effects depending on the position of 
the sun and moon appear to precede their cause. 

Section IX. — Formation of the time of diurnal high water ; progress of the diurnal 
tide-wave round the island ; comparison of its progress and range with those of the 
semidiurnal tide. 

In page 20 I have given a table of the maximum values of diurnal tide, at high 
water and at low water. The diurnal tide being supposed to follow the law of sines, 
its maximum coefficient will be found by taking the square root of the sum of the 
squares of those two values, and the time after semidiurnal high water at which 
diurnal high water occurs will be found by taking the angle whose tangent 

vftloe at low w&tei* 

~ va lue at high water' ^"^ converting that angle into time at the rate of 360° for a 

lunar day. The maximum diurnal tide for semidiurnal high water and that for semi- 
diurnal low water may be conceived to hold for any day near to the day of absolute 
maximum. Thus the following Table is formed. 
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Station. 


July 9. 


July 23. 


August 6. 


Coefficient of 
diurnal tide. 


Interval from 
semidiurnal high 
water, first divi- 
sion, to diurnal 
high water. 


Coefficient of 
diurnal tide. 


Interval from 
semidiurnal high 
water, first divi- 
sion, to diurnal 
high water. 


Coefficient of 
diurnal tide. 


Interval from 
semidiurnal high 
water, first divi- 
sion, to diurnal 
high water. 


Kilbaha 

Kilrush 

Foynes Island . . 

Limerick 

Casleh Bay 

Galway 

Old Head 

Mullaghmore .... 

Buncrana 

Port Rush 

Carrowkeel 

Ballycastle 

Glenarm 

Donaghadee .... 

Ardglass 

Clogher Head. . . . 

Kingstown 

Dunmore East . . 

New Ross 

Passage West . . • . 
Castle Townsend.. 


ft. 

0*55 

0-56 

0*81 

1-01 

0-69 

0-81 

0*83 

0-89 
0-64 
0-52 

0-47 
0-50 
0-96 

0-91 
0-82 
0-85 
0-76 
0-21 
0-22 
015 
0*16 


h in 
20 44 
20 4 
20 9 

19 50 

20 12 

19 49 

20 56 
23 25 

19 

1 5 

1 28 
24 

22 8 

21 44 

21 34 

22 2 
21 38 

2 37 
51 
4 2 

18 3 


ft. 

0-71 
0-57 
0-69 
0*69 
0-66 

0-71 
0-85 
0-82 
0-76 
0-63 
0-95 
0-68 

0-79 
0*85 
0-84 
0-79 
0-67 
0*33 
0-40 
0-22 
0-09 


h m 
9 5 
9 

8 14 

9 11 
8 44 

8 37 

9 18 

11 34 

13 4 

14 2 ! 
13 1 

13 11 
10 3 
10 16 
10 23 

10 21 ! 
10 3 

15 10 

14 33 
14 13 

12 41 


ft. 

0-58 

0*53 

0-67 
0-64 
0-63 
0^43 
0*98 
0-86 
0-70 
0-69 
0-68 
0-60 

0-99 
1-03 
0-91 
0-83 
0-83 

0-27 
0-25 

0-17 
010 


h m 
20 36 
20 25 
20 31 
20 50 
20 28 

20 55 

21 18 
24 18 

1 26 

2 4 
1 58 
1 4 

22 19 
21 40 
21 55 
21 42 
21 58 

1 38 

47 

1 20 
20 52 



A glance at this table will show how different are the velocities of the diurnal 
tide-wave and the semidiurnal tide-wave. From Kilbaha to Port Rusb^ the diurnal 
tide travels in a direction so different, or with a velocity so small, that it loses 5^ 
hours in time upon the semidiurnal wave. But it passes through the North Channel 
with such speed that at Donaghadee it has regained about 4^ hours. Its course how- 
ever will be better understood by forming the actual time of high diurnal tide, or 
rather its interval after the moon^s transit. I have treated the numbers in the fol- 
lowing manner: — Increasing the numbers for July 23rd by 12"* 24™, or half a tidal 
day (because the moon*s declination then was in a direction opposite to that on July 
9th and August 6th), I have three comparable intervals from semidiurnal high 
water to diurnal high water. I take the mean of these, and apply it to the mean 
interval from moon's transit to semidiurnal high water in the table of page 39. I 
also take the mean of the three coefficients. Tims the following Table is formed ; in 
which it is to be remembered that the coefficients are to be taken positive for July 
9th and August 6th, and negative for July 23 rd. 
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Station. 


Coefficient of 
diurnal tide. 


Interval from 

moon's transit 

to diurnal high 

water. 


Station. 


Coeflident of 
diurnal tide. 


Interval from 

moon's transit 

to diurnal high 

water. 


KUbaha 

Kilrush 

Foynes Island. . . . 

Limerick 

Casleh Bay 

Galway 

Old Head 

MuUaghmore .... 

Buncrana 

Port Rush 

Carrowkeel 


ft 

0-61 

0-55 

0-72 

0-78 

0-66 

0-65 

0-89 
0-86 
0-70 
0*61 
0-70 


h m 
51 

45 

1 22 

2 31 
38 

40 

1 35 
4 39 
6 56 
8 16 
8 55 


Ballycastle 

Glenarm 

Donaghadee .... 

Ardglass 

Clogher Head. . . . 

Kingstown 

Dunmore East . . 

New Ross 

Passage West .... 
Castle Townsend.. 


ft 

0-59 

0-91 

0-93 

0-86 

0-82 

0-75 

0-27 

0-29 

0-18 

0-12 


h m 
8 25 
8 15 
8 14 
8 18 
8 36 
8 30 
7 33 
7 30 

7 47 

1 25 



Comparing the coefficients in this table with the column of mean range of semi- 
diurnal tide in page 35, we can discover no analogy between them. The range of 
diurnal tide is not at all reduced in the North Channel, where the semidiurnal tide 
is so much diminished ; nor (as will also be shown hereafter) is it particularly dimi- 
nished between Kingstown and Dunmore East, where the semidiurnal tide is nearly 
or quite obliterated ; but it is much diminished at Castle Townsend, where the semi* 
diurnal tide is pretty large. 

On examining the interval from moon's transit, it appears evident that the diurnal 
tide comes from- the south, or very nearly from the south. It appears also that it 
does not pass in either direction through the North Channel, but that the strait is 
filled simultaneously, or nearly so, at both ends. It appears also that the wave travels 
very quickly from south to north in the Irish Channel ; so quickly indeed that it is 
probable that the tide is simultaneous throughout. But between Castle Townsend 
and Passage West it loses more than six hours, or a quarter of a diurnal tide. I am 
totally unable to explain this. The case is very greatly different from that discussed 
in page 40, where the change of phase was almost exactly half a tide. I must leave 
the solution of this difficulty to some more advanced theory of waves. 

I may appropriately close this section with a statement, in the form commonly 
used by nautical persons, of the most prominent effects of the diurnal tide at the 
several stations. 

Assuming that the maximum diurnal tide, with positive sign for the semidiurnal 
high waters 1st division, occurred about July 9 and August 6, and with opposite sign 
on July 23, it appears that the maximum takes place when the moon's right ascen- 
sion is about 9**. This is not very accurate ; first, because the solar diurnal tide is 
neglected ; secondly, because the days adopted are not purely for maximum at semi- 
diurnal high water, but partly also refer to low water. Using however 9\ it appears 
from the table in page 39, that the semidiurnal high water at Kilbaha follows the 
moon's Greenwich transit by 4** 47™ ; and, therefore, when the diurnal tide is great- 
est, the semidiurnal tide at Kilbaha occurs at 13^ 47" Greenwich sidereal time, or 
13^7° Kilbaha sidereal time. If this happens at noon, the sun's right ascension 
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must be 13^ 7™, or the day must be about October 12 ; if it happens at six in the 
rooming, the sun*s right ascension must be 19^ 1^^ and the day must be about January 
6. \n the same way the day may be found for other hours. The coefficient may be 
taken from the table in page 28, doubling the mean of the quantities in the three 
high water columns (without regard of sign) for the difference of two tides. Thus 
the following Table is formed. 



station. 


Greatest 

difference 

of two high 

waters on 

same day. 


Day when Day when j 
the excess of the excess of 

noon tide morning tide 

over mid- over evening 
night tide is tide is 

greatest. greatest. 


Station. 


Greatest 

difference 

of two high 

waters on 

same day. 


Day when Day when 
the excess of the excess of 

noon tide morning tide 

over mid- over evening 
night tide it tide is 

greatest greatest. 


Kilbaha ......... 

Kilrush 

Foynes Island 

Limerick 

Casleh Bay 

Galway 

Old Head ...... 

Mullaghmore .... 

Buncrana 

Port Rush 

Carrowkeel 


ft. 

0-71 
0'55 

0-72 
0-77 
0-66 
0-61 
1-14 
' 1-65 

1-37 
Ml 
1*31 


Oct 12. 
Oct 14. 
Oct 30. 
Nov. 7. 
Oct 14. 
Oct 17. 
Oct 17. 
Oct 26. 
Nov. 5. 
Nov. 14. 
Nov. 26. 


Jan. 6. 
Jan. 8. 
Jan. 22. 
Jan. 30. 
Jan. 8. 
Jan. 10. 
Jan. 10. \ 
Jan. 18. 1 
Jan. 28. 
Feb. 3. 
Feb. 18. 


Ballycastle 

Glenarm 

Donaghadee .... 

Ardglass 

Clogher Head. . . . 

Kingstown 

Dunmore East . . 

New Ross 

Passage West .... 
Castle Townsend . . 


ft. 

M6 

1*48 

1-41 

1-32 

1-29 
M6 
0*44 
0-63 
0-30 
0*08 


Nov. 24. 
Jan. 7. 
Jan. 13. 
Jan. 13. 
Jan. 16. 
Jan. 19. 
Oct 21. 
Nov. 2. 
Oct 21. 
Oct 13. 


Feb. 16. 
April 10. 
April 17. 
April 17. 
April 20. 
April 23. 
Jan. 5. • 
Jan. 24. 
Jan. 14. 
Jan. 7* 



Section X. — Method of expressing the height of the water ^ throughout every individual 
tide, hy sines and cosines of arcs, and expressions in this form for every tide in 
the whole series of ohservationsj except those at Courtown. 

The times of high water (and similarly those of low water) having had their prin- 
cipal irregularities smoothed down by the operations described in Section II., and 
being corrected for the diurnal equation in time ascertained by the operations of 
Section III., present a series of times, which are liable perhaps to something like 
constant error from the method involuntarily adopted by the computer in fixing on 
the time of high water, and which are affected by the peculiar form of the tidal func- 
tion at each station, but which nevertheless follow at intervals equal (with very con- 
siderable accuracy) to the true tidal day of the place. This being understood, it will 
be seen that the following process entirely corrects any error of the supposed times 
of high or low water in its exhibition of the time of maximum of the first tidal argu- 
ment, and is entirely free from the effects of such error in the exhibition of other 
quantities. 

The whole number of observations, equidistant in time, made in the course of one 
tide, being about 150, if we divide this duration into sixteen equal parts we shall 
have at least nine observations in each part ; and the mean time of these nine ob- 
servations cannot in any case be more than 2^ minutes from the middle of that part. 
It appears evident here that we may use the mean of all the heights in one portion 
to represent (with smaller error than unavoidably occurs in the obsiervations) the 
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mean which would have been obtained if observations had been taken at infinitely 
small equal intervals. The same remark applies in a stronger degree if the whole 
duration be divided into twelve parts. 

Let us use the term phase for an angle proportional to the time which increases by 
360^ in a complete tide ; and let it be assumed that the height of the water can be 
expressed by the following formula : 

A^+Aj sin phase +A2 sin 2 phase -f A3 sin 3 phase +A4 sin 4 phase 
+Bi cos phase +B2 cos 2 phase +B3 cos 3 phase +B4 cos 4 phase, 
and suppose that the complete tide, or 360^ of phase, is divided into sixteen equal 
parts and the mean height in each part taken. 

The mean height in the first part will be, 

Ao+;Ai (qos 0— cos Ij +2iA2rcos 0— cos y j +3iA3f^cos — cos -^ j +^A4/cos — cos -^j 

+-Bimn g — sin Oj +2^B2rRin ~ — sin Oj +3^B3^8in ~ — sin j +^B4^8in y — sin oY 
The mean height in the second part will be, 

. , 8. / » 2ir\ , 8 . / 2% 4t\ , 8 . / Sir 6ir\ , 8 . / 4ir H 

Ao+iAi(^coSg - COS -g-j +25^A2(^cos-g - cos-g-J +3iA3(^cos-Q - cos-g-J +4;A4(^cos-Q - cos-g 

, 8« / . 2» . *\ , 8 ^ / . 4t . 2ir\ , 8 « / . 6t . 3»\ , 8 „ / . 8» . 4t 

+iBx(^sm ^ - sm gj +2iB2(sin -g- - sm -g-J +3;^B3(^sm -g - sm-j J +4iB4(^8m -g " s^" "s 

and so on. 

Now if we group these in the following manner, 

(l8t+6th+9th + 13th) + (2ud+6th+10th+ 14th)— (3rd+7th + llth + 15th) 

— (4 th + 8th + 12th + 16th), 

32 

the sum will be — A.. 

If * 

If we group them in the following manner, 

(l8t+5th+9th+13th)— (2nd+6th+10th + 14th)— (3rd+7th+llth+15th) 
+(4th+8th+ 12th+ 16tb), 

32 

the sum will be — B4. 

If we unite the adjacent mean9 and group them thus, 

(lst+2nd+9th+10th)+(3rd+4th+llth + 12th)— (6th+6th+13th+14th) 

— (7th+8th + 1 5th + 16th), 

the sum will be — Ao. 

If we group them in this manner, 

(l8t+2nd+9th+10th)—(3rd+4th+llth+12th)— (5th+6th+13th+l4th) 
+(7th+8th+15th + 16th), 

32 

the sum will be — Bo. 
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If we unite the adjacent numbers already formed by union, so as to have the sum 
of four adjacent means together, and combine them thus, 

(I8t+2nd+3rd+4th) + (5th+6th+7th+8th)-(9th + 10th+llth + l2th) 
— (I3th+14th+15th + 16th), 

the sum is — Ai+ ^ A3. 

If wc combine them in this manner, 

(lst+2nd+3rd+4th)-.(5th+6th+7th+8th)-.(9th+10th + llth+12th) 
+ (13th+14th+16th+16th), 

the sum is — Bi — g^Bj. 

Then if we divide the complete tide into twelve equal parts, and take the mean 
height in each, we shall have 
Mean height in the first part = 

Ao+^Ai(cos 0— cos ^ +2;^A2(cos 0— cos -f^ +3^ A3 (cos 0- cos -^J +^A4(cos - cos -f^ 

+^B/sin^-sino)+|^B2(sin ■^— sino)+3i:B3(8in ~— sin o) +1^84 (sin ^—sino), 

and so on. And combining these in the following manner, 

(lst+5th+9th) + (2nd+6th+10th)-(3rd+7th+llth)— (4th+8th + 12th), 

24 4 32 

the sum will be — A3, or the sum x 3 = — A3. 

And if we combine them in the following manner, 

(lst+5th+9th)-(2nd+6th + 10th)-(3rd+7th + llth)+(4th+8th + 12th), 
.1, . 24 „ , 4 32„ 

the sum will be — B3, or the sum X 3 = — B3. 

32 

By applying one-third of these to the expressions last found, we shall obtain — A^ 

and — B,. 

The mean of all the means, either in the division by sixteen or in that by twelve, 

is Ao* 

The whole of these operations (after taking the means of the original observations) 
are performed with great facility, and without the possibility of mistake, by means of 
a printed skeleton form, of which a specimen will be given shortly. 

The next thing to be considered is, how we shall correct these numbers for the 
effect of diurnal tide, which is included in the observations, but from which our 
formula for semidiurnal tide is to be freed. Suppose that the tide begins with high 
water, and suppose a to be the effect of diurnal tide at that high water, b the eflect 
of diurnal tide at the low water following, or that which occurs in the middle of the 
tide. Then the complete effect of diurnal tide is represented by 

phase , , . phase 
a . cos ^-g h* • «in ^--g— ; 

MDCCCXLV. H 
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and the question now is, how this function can be represented, through the course of 
one tide, by a formula similar to 

Aq+Ai sin phase +A2 sin 2 phase + &c. 
+Bi cos phase +B2 cos 2 phase + &c. 

For this purpose I have taken the mean value of the function for each sixteenth part, 
and for each twelfth part, of the entire circle of phase, and have combined these num- 
bers according to the rules just laid down. The result is that 



32 



The sum — A4 is 
The sum — B4 is 



The sum — A2 is 
The sum — Bo is 



1 1* 
ncreased by— xO"3980Xfl. 

ncreased by - — X 00392 X b. 

16 

ncreased b v — X 08284 X at. 

* IT 

1 fi 

ncreased by X 0* 1 648 X h. 



The sum — Aj+^^Aa is increased by— X2fl. 

32 32 16 

The sura — Bj -^ B^ is increased by — — x 08284 x b. 

24 12 

The sum — A3 is increased by — X 0-5360 X a. 

24 12 

The sum — B3 is increased by — — X 00704 X h. 

2 

The mean, or Aq, is increased by + - i. 

The corrections are to be applied with opposite signs, in order to free from the effects 
of diurnal tide the results given by the observations. 

Another cause for which a correction is due is, the difference of height at the be- 
ginning and at the end (the correction for diurnal tide being previously applied). If 
the whole rise c be supposed to have come by uniform degrees, the effects produced 

in the sums — A4, — Ag, — A^+g^ A3, and ■;;: A3, are — c, —2c, —4c, and — c. The 

corrections must have opposite signs. 

In this manner (confining ourselves for a moment to the consideration of 4 phase) 

32 32 

we have such expressions as — A4 and — B4. And the quantity which we wish to ob- 
tain is A4 sin 4 phase -f B4 cos 4 phase, which may be converted into one of this form, 

\/A4'^+B4^X sin . 4 piiase +^, where tan 9= j^. The coefficient is 



» //32 . \^ . /32 „ \^ 
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As. in the analysis of all the tides, this transformation was to be performed about 
6000 times, it was highly important to devise an easy method of effecting it. For 
this purpose the following mechanical arrangement was contrived. Upon a nearly 
square piece of pasteboard . were carefully traced two scales at right angles to each 
other, with graduations of equal parts proceeding from the point of union. Upon 
the edge of another narrow piece of pasteboard was traced a graduation whose parts 
were to the parts of the former in the proportion of 3*2 to 3*1416. The commencing 
point of this graduation was made the centre of a quadrant, of which one radius was 
in the line of graduation produced. The divisions of the quadrant, proceeding from 
the line of graduation, were marked from to 90^ and also from 360® to 270®. The 
method of using it was ; to insert a needle at the centre of the quadrant, and to 
plant its point upon one of the lines of the large pasteboard at the graduation corre- 

32 

spending to — A4 ; then to plant a second needle in the other line of the large paste- 

32 

board at the graduation corresponding to — B4, and to turn the graduated edge of the 
long piece till it touched this second needle; the reading of the graduated edge, with 
a shift of the decimal point, g?ive ^^ <( — AA ^(—B^j V or ^/^{A^^+B^^) ; and 
the division of the quadrant cut by the straight line on the large pasteboard gave 9. 

32 32 

When the signs of ~ A4 and — B4 are the same, the reading between and 90® is to 
be taken ; when different, that between 360® and 270® is to be taken ; and in either 

32 

case, when '— A4 is negative, 180® is to be added or subtracted. 

Applying the same process to the four combinations of A^ and B^, A2 and B2, A3 
and B3, A4 and B4, we have the height of the water at every instant expressed by 
the formula 

Ao+Ci sin (phase +^i)+C2sin (2 phase +^2)+C3S)n (3 phase +<Pj) 
+C4 sin (4 phase +94)* 
where the phase is an angle which is measured from the assumed commencement of 

- . . , 1 . 1 . . t whole duration of tide . 

the tide, and may be converted into tmie by multiplymg it by ^^ Jt 

is evident however that the argument (phase +^1) commences at the time when the 
water would be at its mean height before attaining its greatest height, if the oscillation 
of surface were supposed to depend on that term only. The time of high water, on the 
same supposition, would be given by making {5hase +9i=90®, or phase =90®— ^1; 
converting the expression, when found, into time by the rule above. Or the time of 
low water, on the same supposition, would be given by making phase +9i=270®, or 
phase =270®—^!. It is convenient to choose, of these two expressions, that which 
gives the smaller quantity. The quantity so found is to be added to the Greenwich 
time of assumed commencement of tide, and it gives the Greenwich time of high 

H 2 
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water or low water, on the supposition that the fluctuation depends entirely on the 
argument (phase +9i)- Since the Theory of Waves, as applied to Tides, leads us to 
refer every angle to that argument, and induces us to suppose that the term connected 
with that argument is the only one which is immediately created by the tidal 
forces (the others depending numerically on it almost in the same way in which the 
coefficients of successive multiples of anomaly depend on that of the simple anomaly)^ 
it appears to be proper to consider the times of high and low water thus found as the 
genuine times of high and low water. For the sake of distinction I call them the 
Analysed Times. 

As it is convenient to use the time of one phase only, I have, when the analysis 
gave the Analysed Times of two low waters, taken their mean for the Analysed Time 
of High Water. 

Now if we put phase -f ^i=p, 92~2^i=^2> ^3""3^i=^^3» ?^4"" 4^1=04, our expression 
for the height at every instant will be 

Ao+CiSinp+C2sin(2/?+C2)+C3sin(3;>+C3)+C4sin(4;>+C4), 

and this, with a statement of the time at which the argument p has the value of 90^ 
(or the Analysed Time of High Water), gives a complete knowledge of the form of 
every tide. 

I annex a specimen of the printed skeleton form in which the calculations described 
in this section were made (the figures, and the words in italics, being inserted for 
each special tide). And I subjoin the whole of the results for the twenty-one stations. 
Each line is the digested result of about 170 observations. 
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S€ HR. AIRT ON THE LAWS OP THE TIDES 

Height of the Water in each individual tide at KJIbaha, excluding diuraal tide. 



Aiuljied tin 


e rf high 


1 


















Aj. 


C,. 


Cf 


c,. 


<■.- 


Cl- 


C,. 




p^W. 


















iwa. 


h m 


ft. 


ft. 


ft. 




ft. 


..:. 


ft. 


...: 


June 84. 

25. 


18 291 
6 39 


16-40 


6-10 


0-14 


146 


0-19 


215 


0-06 


115 


S5. 
36. 


18 59 
7 13 


15-79 


6-05 


0-13 


199 


0-09 


318 


0-01 


40 


26. 
27. 


19 27 

7 46 


15-50 


4-71 


0-18 


170 


0-03 


291 


0-05 


140 


27. 
S8. 


20 
8 20 


15-66 


4-20 


0-08 


158 


0-07 


204 


0-09 


82 


29. 


20 43 
9 


15-52 


8-76 


0-13 


199 


0-05 


192 


0-02 


99 


29. 
30. 


21 32 
10 2J 

22 2fi 


15-65 


3-25 


0-10 


210 


0-08 


244 


0-02 


56 


30. 


15-70 


293 


0-04 


144 


0-06 


227 


0-03 


151 


July 1. 


10 57 




















23 2» 


16-51 


2-73 


0-06 


216 


0-08 


231 


0-02 


52 


8. 


12 2 


















3. 


35 


16-96 


2-S2 


0-02 


232 


0-07 


225 


0-06 


109 


3. 


13 11 


















4. 


1 46 


16-41 


3-36 


0-12 


212 


0-07 


261 


0-04 


55 


4. 


14 13 


















5. 


2 39 


15-49 


3-95 


0-12 


216 


0-09 


262 


0-03 


37 


5. 


15 6 


















6. 


3 32 


15-43 


4-73 


0-10 


187 


0-09 


288 


0'04 


230 


fi. 

7. 


15 54 
4 21. 


16-00 


6'32 


0-04 


153 


0-01 


210 


0-01 


289 


7- 
8. 


16 42 
5 OJ 


16-05 


6-86 


0-03 


226 


0-09 


255 


0-04 


88 


8. 
9. 


17 22 
5 42 


15-96 


6-33 


0-14 


132 


0-04 


217 


0-02 


44 


9. 
10. 


18 16 
6 40 


15-98 


6-80 


017 


142 


0-14 


248 


0-08 


61 


10. 

11. 


18 46 
7 10 


16-12 


6-80 


0-36 


155 


0-14 


305 


0-07 


154 


11. 
13. 


19 39 
8 2J 


15-79 


6-48 


0-20 


175 


0-02 


121 


0-07 


140 


12. 
13. 


20 31 
8 55 


lS-46 


5-88 


0-29 


211 


0-10 


226 


0-03 


67 


13. 
14. 


21 21 

9 48 


Ifi-26 


4-97 


0-17 


200 


0-09 


220 


0-OS 


122 


14. 


22 24 


15-39 


4-36 


0-08 


205 


0-11 


256 


0-01 


176 


15. 


10 68 


















15. 


S3 32 


16-01 


3-72 


0-19 


196 


0-06 


328 


0-08 


228 


16. 


12 10 


















17. 


48 


16-00 


3-47 


0-09 


237 


0-04 


247 


0-04 


4 


17. 


13 27 


















18. 


2 a 


15-80 


3 70 


0-15 


238 


0-n 


265 


0-04 


207 


18. 


14 36 


















IS- 


3 6 


15-72 


4-15 


0-09 


276 


0-05 


288 


0-03 


148 


IS. 
20. 


15 32 

3 69 1 


15-76 


4-48 


0-03 


152 


0-O7 


215 


0-05 


210 


20. 
21. 


16 20 

4 as 


15-54 


4-93 


0-11 


161 


0-00 


219 


0-04 


137 


21. 
22. 


16 53 
5 9, 


16-56 


5-35 


0-08 


182 


0-02 


350 


0-04 


174 


2i. 
23. 


17 2B 
5 45 


16-51 


6-60 


0-13 


166 


0-01 


lis 


0-03 


28 
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expressed by the formula Afl+Ci sin ;)+C28iD(2p+C2)+C3sin(3/»+C3)+C48in(4;>+C4). 



Analyied tin 


ne of liiRh 




















Ao. 


C,. 


tv 


c,. 


C,. 


^1- 


C,. 


^i- 


, = 90'. 


















1B<2. 


h m 


ft. 


fL 


ft. 




ft. 


„ 


ft. 




July 23. 
24. 


18 21 
6 18 


15-47 


5-55 


0-14 


152 


0-05 


326 


0-OZ 


38 


24. 
25. 


18 33 

6 52 


15-58 


5-47 


0-20 


140 


003 


128 


0-03 


56 


25. 
26. 


19 5 
7 22 


15-48 


5-19 


0-18 


154 


0-0 1 


314 


0-03 


27 


26. 

27- 


19 39 
7 55 


15-31 


4-81 


0-16 


175 


0-02 


309 


0-05 


77 


27. 
88. 


20 12 

8 27 


15-28 


4-28 


0-18 


187 


0-07 


196 


0-04 


236 


28. 
29. 


20 52 
9 U 

21 32 


15-17 


3-69 


0-15 


189 


0-06 


226 


0-02 


47 


29. 


15-32 


3-30 


0-15 


149 


0-09 


267 


0-02 


66 


30. 


9 59 


















30. 


22 26 


15-25 


2-73 


0-04 


204 


0-05 


232 


0-03 


158 


31. 


11 6 


















31. 


23 46 


15-45 


2-57 


0-06 


182 


0-05 


199 


0-02 


338 


August 1. 


.12 27 


















2. 


I 8 


;5-76 


2-90 


0-03 


218 


0-03 


76 


0-02 


133 


3. 


13 43 


















3. 


2 18 


15-38 


3-62 


0-01 


261 


0-05 


240 


0-06 


60 


3. 


14 45 


















4. 


3 11 


16-45 


4-55 


0-07 


205 


0-09 


215 


0-11 


104 


4. 

5. 


15 34 
3 54 


15-68 


6-30 


0-03 


192 


0-10 


8] 8 


0-04 


197 


5. 
6. 


16 18 
4 42 


15-70 


6-3S 


0-05 


135 


0-08 


233 


0-05 





6. 
7. 


17 2 

5 22 


15-80 


7-30 


0-21 


170 


0-04 


7 


0-04 


184 


7. 
8. 


17 39 
6 2 


15'89 


7-63 


0-18 


148 


0-05 


127 


0-07 


100 


8. 
9- 


18 27 
6 48 


15-94 


7-62 


0-32 


168 


0-03 


266 


0-05 


91 


9. 
10. 


19 10 

7 34 


15-76 


7-08 


0*24 


161 


0-10 


231 


0-07 


74 


10. 
]1. 


19 55 
8 21 


15-63 


6-12 


0-29 


168 


0-06 


193 


0-05 


71 


11. 

12. 


20 45 
9 8 

21 45 


15-64 


5*01 


0-19 


178 


0-07 


206 


0-06 


72 


12. 


15-41 


4-06 


0-13 


227 


0-13 


342 


0-04 


159 


13. 


10 22 


















13. 


22 58 


15-27 


3-34 


0-10 


244 


0-U 


309 


0-02 


180 


14. 


11 43 


















15. 


27 


16-27 


2-79 


0-12 


221 


0-07 


269 


0-01 





15. 


13 9 


















16. 


1 50 


15-41 


3-16 


0-OG 


235 


0-10 


268 


0-02 


316 


16. 


14 19 


















17. 


2 48 


15-59 


3-71 


0-05 


238 


0-05 


279 


0-00 


51 


17. 


15 10 


















18. 


3 31 


15-64 


4-32 


0-09 


203 


0-05 


270 


001 


24 


18. 
19. 


15 50 
4 II 


lS-76 


4-76 


0-08 


121 


0-Ofi 


178 


0-02 


108 


19. 
20. 


16 291 
4 43 


15-74 


5-29 


0-13 


165 


009 


242 


0-03 


189 


20. 
21. 


16 55 
5 n 


15-54 


5-73 


0-11 


177 


0-06 


232 


0-04 


163 


21. 
22. 


17 26 
6 38 


lS-24 


5-86 


0-16 


149 


0-05 


154 


0-04 


127 


22. 


17 54 


15-58 


fi-SO 


0-15 


13S 


0-10 


S22 


0-04 


88 


23. 


6 12, 
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Height of the Water in each individual tide at Kilrash, excluding diurnal tide^ 



Analysed time of high 


















water, ccvrespondiDg to 


Ao. 


Ci. 


Cr 


<V 


c 


<?»• 


c«. 


C4' 


p-90«. 


















1842. h m 


ft. 


ft. 


ft. 


o 


ft. 


o 


ft. 


o 




17-14 


.... 
.... 

5-90 


.... 

. . • . 

0-17 


. • . • 
.... 

Ill 


• • • • 

• • • • 

0-07 


• • • • 

• • • • 

284 


. • . • 
.... 

0-07 


.... 
.... 

167 


June 23. 17 50' 
24. 6 11 


24. 18 42' 

25. 6 52 ' 

1 


17-20 


5-53 


0-21 


105 


0-08 


155 


0-06 


141 


25. 19 14 

26. 7 28/ 


16-62 


5-47 


0-12 


119 


0-05 


261 


0-11 


175 


26. 19 32 ' 

27. 7 51 ' 


16-29 


5-18 


0-20 


124 


0-07 


231 


0-10 


146 


27. 20 23* 

28. 8 43 ' 


16-40 


4-63 


0-16 


150 


0-05 


153 


0-04 


107 


28. 20 52 


16-48 


4-23 


0-42 


116 


0-17 


139 


0-03 


97 


29. 9 17 


















29. 21 41 


16-36 


3-80 


0-16 


106 


0-05 


194 


0-05 


130 


30. 10 7 


















30. 22 33 


16-52 


3-39 


0-11 


86 


0-01 


30 


0-03 


230 


July 1. 11 4 


















1. 23 35 


16-30 


.3-12 


0-10 


135 


0-09 


186 


0-00 


130 


2. 12 13 


















3. 50 


16-74 


3-22 


0-10 


84 


0-06 


208 


0-01 


240 


3. 13 21 


















4. 1 52 


17-25 


3-75 


0-16 


150 


0-07 


201 


0-02 


269 


4. 14 19 


















5. 2 45 


16-51 


4-50 


0-12 


136 


0-09 


237 


0-01 


333 


5. 14 581 

6. 3 26/ 


16-20 


5-13 


0-15 


314 


0-17 


177 


0-08 


23 


6. 15 571 

7. 4 24/ 


. 16-75 


5-71 


0*17 


58 


0-06 


257 


0-02 


181 


7. 16 52 1 

8. 5 10/ 


16-90 


6-30 


0-11 


80 


0-11 


258 


0-06 


134 


8. 17 25 1 

9. 5 45/ 


16-63 


6-87 


0-20 


77 


0-12 


155 


0-05 


205 


9. 18 91 
10. 6 33/ 


lC-86 


7-17 


0-31 


99 


0-09 


254 


0-13 


184 


10. 18 58l 

11. 7 22 ' 


17-02 


7-15 


0-23 


103 


0-02 


239 


0-05 


210 


11. 19 40' 

12. 8 3' 


16-70 


6-82 


0-17 


100 


0-04 


76 


0-05 


119 


12. 20 32' 
1,3. 8 56/ 


16-35 


6-13 


0-24 


152 


0-09 


161 


0-01 


44 


13. 21 21 1 

14. 9 48/ 


16-00 


5-43 


0-18 


125 


0-06 


194 


0-03 


179 


14. 22 25 


16-10 


4-78 


0-10 


159 


0-13 


264 


0-05 


170 


15. 10 58 


















15. 23 30 


16-63 


4-18 


0-18 


151 


0-07 


267 


0-02 


318 


16. 12 11 


















17. 51 


16-70 


3-99 


0-07 


190 


0-03 


201 


0-02 


218 


17. 13 28 


















18. 2 4 


16-60 


4-11 


0-11 


140 


0-09 


241 


0-04 


201 


18. 14 36 


















19. 3 8 


16-45 


4-64 


0-05 


128 


0-03 


254 


0-07 


167 


19. 15 301 

20. 3 57 ' 


16-46 


5*01 


0-10 


60 


0-08 


173 


0-05 


136 


20. 16 24' 

21. 4 42/ 


16-24 


5-43 


0-13 


101 


0-04 


112 


0-03 


167 


21. 17 3l 

22. 5 19/ 


16-29 


5-82 


0-12 


100 


0-04 


194 


0-03 


144 


22. 17 39 1 

23. 5 56/ 


16-28 


6*02 


0-20 


111 


0-04 


179 


0-03 


193 



The value c^= 314^ for July 5 and 6 is correct. 
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ixpreased by the formula Ao+Cisinj»+C28in{2p+C2)+C3 8m(3;)+C3)+C4sin(4;»+C4). 



ADBlficd II 


ne of high 


















wiier. coires 


ponOiiiir lo 


A„. 


c,. 


c,. 


c,. 


fj- 


"■i. 


c,- 


"f 


y^W. 


















1842. 


h m 


ft. 


ft. 


ft. 




ft. 


„ 


ft. 




July 23. 
24. 


18 121 

6 sa 


16-31 


6-02 


0-21 


120 


0-09 


228 


0-05 


205 


24. 
25. 


18 40 
7 


16-36 


5-87 


0-26 


100 


o-ne 


184 


0-03 


123 


25. 
36. 


19 13 

7 32 


16-21 


5-69 


o.« 


132 


004 


206 


0-07 


146 


SS. 

a;. 


19 50 

8 6 


15-98 


5-29 


0-15 


153 


0-02 


211 


D-01 


95 


27. 


SO IS 
S 33 


15-95 


4*82 


0-19 


m 


0-07 


165 


0-08 


146 


28. 
29. 


20 56 
9 15 

21 33 


15.80 


4-20 


0-20 


143 


06 


204 


0-02 


269 


29. 


16-03 


3-72 


0-23 


118 


0-10 


215 


0-02 


119 


30. 


le 6 , 
















30. 


22 38 


15-98 


3-10 


0-09 


142 


0-04 


224 


0-01 


253 


31. 


11 15 


















31. 


23 ai 


16-14 


B-89 


0-12 


H7 


0-09 


210 


0-01 


29 


August 1, 


12 31 




















1 10 


16-59 


3-33 


0-11 


143 


0-06 


226 


0-04 


206 




13 52 




















2 33 


16-33 


4-15 


0-16 


124 


0-08 


223 


0-02 


213 




LS 7 
3 3.') 


: 16-34 


4-89 


0'13 


117 


006 


234 


0-03 


266 




15 57 

4 17 


j 16-64 


5-86 


0-11 


115 


0-03 


285 


0-10 


185 




16 42 
3 6 


16-68 


6-87 


0-22 


82 


0-07 


195 


0-06 


151 




17 30 
6 50 


16-80 


7-59 


e-25 


71 


0-11 


21? 


O-06 


W8 




18 9' 
6 32 


16-76 


7-96 


0-34 


91 


0-10 


208 


0-08 


199 




18 57 
7 18 


16-69 


7-9S 


O-SS 


116 


0-11 


217 


0-03 


231 




19 38 

8 2 


16-51 


7-49 


0-24 


1)3 


0-10 


198 


0-02 


123 




20 23 
8 49 


16-36 


6-62 


0-29 


127 


0-16 


197 


0-07 


78 




21 12 
9 33 


16-38 


5-50 ■ 


0-15 


138 


0-11 


1H3 


0-06 


116 




22 7 16-17 


4-58 


0-11 


150 


0-11 


213 


0-07 


175 




10 41 i 


















23 14 


15-98 


3-76 


0-13 


148 


0-oe 


240 


0-07 


212 




11 59 




















43 


■ 6-07 


3-29 


0-12 


153 


O-06 


235 


002 


284 




13 35 




















2 7 


16-24 


X9 


0-10 


148 


0-05 


265 


0-03 


190 




14 37 




















3 7 


16-53 


4-30 


0-11 


117 


0-03 


123 


0-01 


231 




15 281 
3 50 


16-39 


4-70 


0-15 


31 


0-15 


208 


0-08 


117 


18. 
19. 


16 10 
4 31 


16-55 


6-33 


0-14 


84 


0-1 1 


170 


0-01 


309 


19. 
20. 


16 54 

5 8 


16-53 


S-80 


0-24 


112 


0-06 


216 


0-07 


164 


20. 
21. 


17 16 
5 32 


16-31 


6-20 


0-13 


60 


0-08 


211 


0-03 


65 


21. 
23. 


17 50 
6 2 


.6... 


6-32 


0-21 


109 


0-12 


150 


0-04 


130 


22. 
23. 


IS 13 
6 31 


16-42 


6-36 


0-18 


e. 


0-14 


176 


0-08 


72 
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MR. AIRY ON THE LAWS OF THE TIDES 



Height of the Water in each individual tide at Foynes Island, excluding diurnal tide, 



Analysed time of high 


















water, corresponding to 


Ac 


C,. 


C,. 


c,. 


C3. 


Ci* 


C4. 


Ci' 


j»«90^ 


















1842. h m 


ft. 


it. 

• • • . 


ft. 

• • • • 




• • ■ * 


ft. 

. . • . 




* * • • 


ft. 







. • • • 

• • • . 

• • • • 


• • • • 

• • • • 


• • • • 

• • • • 

• • • • 


» • • • 
• • • • 


• • • . 

• • . « 


• • • • 

• • • • 
■ • • • 


• • * * 

• • • • 

• • • • 










• • • • 

17-57 


• • • • 

• • • • 

6*38 


• • • • 

• • • • 

0-36 


• • • • 

• • • • 

122 


• • • • 

• • • . 

0-15 


• • • • 

• • • • 

160 


■ • • • 

- • • • 

0-08 


289 


June 25. 19 55 1 
26. 8 9 J 


26. 20 26 \ 

27. 8 45 / 


17-05 


6-01 


0-49 


116 


0-15 


166 


0-06 


232 


27. 21 1 

28. 9 20/ 


17-21 


5-52 


0-42 


128 


0-11 


168 


0-04 


107 


28. 21 34- 


17*08 


5-22 


0-39 


116 


0-12 


143 


0-02 


274 


29. 9 52 


















2% 22 12 


17-03 


4-57 


0-38 


107 


0-08 


160 


0-04 


71 


30. 10 37 














• 




30. 23 3 


17-25 


4-16 


0-28 


113 


0-06 


163 


0-04 


152 


July 1. 11 34 


















2. 4 


17-14 


3-91 


0-34 


122 


0-09 


146 


0-03 


268 


2. 12 40 


















3. 1 16 


17-43 


3-88 


0-39 


127 


0-16 


192 


0H)4 


351 


3. 13 55 


















4. 2 33 


18*04 


4-38 


0-34 


126 


0-13 


182 


0*01 


331 


4. 14 561 

5. 3 20 / 


17-37 


5-00 


0-21 


111 


0-19 


189 


0-03 


280 


5. 15 521 

6. 4 24 / 


16-88 


5-81 


0-43 


115 


0-13 


185 


0-02 


167 


6. 16 54 1 

7. 5 21 / 


17-48 


6-50 


0-41 


109 


0-19 


163 


0-03 


329 


7. 17 48 ] 

8. 6 6 

* 


17-67 


7-13 


0-34 


113 


0-22 


165 


0-11 


25 


8. 18 30 

9. 6 50 / 


17-40 


7-68 


0-54 


115 


0-37 


165 


0-07 


279 


9- 19 20 1 
10. 7 44/ 


17-38 


8-03 


0-50 


128 


0-28 


199 


0-15 


271 


10. 20 2 1 

11. 8 26/ 


17-70 


7-94 


0-60 


102 


0-37 


179 


0-02 


20 


11. 20 48 I 

12. 911/ 


17-43 


7-66 


0-57 


116 


0-24 


167 


0-03 


4 


12. 21 38 


17-40 


7-22 


0-51 


114 


0-30 


159 


0-06 


287 


13. 9 59 


















13. 22 20 


16-77 


6-57 


0-55 


119 


0-19 


175 


0-09 


282 


14. 10 47 


















14. 23 14 


16-71 


5-65 


0-41 


128 


0-14 


189 


0-02 


30 


15. 11 46 


















16. 18 


17-16 


4-97 


0-36 


131 


0-12 


175 


0-07 


33 


16. 12 57 


















17. 1 35 


17-35 


4-72 


0-32 


144 


0-13 


162 


0-03 


348 


17. 14 11 




• 


■ 












18. 2 47 


17-29 


4-91 


0-35 


137 


0-15 


186 


0-04 


310 


18. 15 21 1 

19. 3 50 / 


17-18 


5-25 


0-32 


125 


0-10 


183 


0-01 


290 


19. 16 15 1 
26. 4 42 / 


17-18 


5-77 


0-44 


120 


0-14 


155 


003 


280 


20. 17 8 1 

21. 5 26 J 


17-00 


6-28 


0-47 


120 


0*14 


168 


0-03 


264 


21. 17 48 1 

22. 6 4/ 


17-02 


6-65 


0-47 


116 


0-18 


179 


0-02 


284 


22. 18 221 

23. 6 39/ 


17*08 


6*82 


0-59 


109 


0-29 


165 


0-05 


220 



ON THE COASTS OP IBEI.ANO. A9 

expressed by the formalaA(,+Ci8iDp+Cj8in(2p+C2)+C38in(3;)+C3)+C4sin(4p-fc4). 



Aoal^ied lir 


MflfbiBh 


















waler, corresponding to 


A„. 


C,. 


c,- 


Cj. 


C,. 


Cj. 


c 




P^m". 


















1842. 


h m 


ft. 


ft. 


ft. 




ft. 




ft. 




July 23. 
24. 


18 55 
7 11 


16-99 


6-89 


0-61 


113 


0-21 


173 


0-02 


10 


24. 
25. 


19 33 
7 43 


17-06 


6-80 


0-60 


115 


0-18 


159 


0-04 


306 


25. 
26. 


19 55 
S IS 


16-93 


6-50 


0-61 


116 


0-22 


160 


0-02 


307 


26. 
27. 


20 25 

8 41 


16-77 


6-11 


0-58 


123 


0-16 


159 


0-00 


202 


37. 


20 54 


16-78 


S-80 


0-55 


110 


0-15 


152 


0-05 


92 


28. 


9 11 


















28. 


21 27 


16-60 


fi-19 


0-47 


110 


O-IO 


139 


0-06 


135 


39. 


9 47 


















23. 


23 6 


16-78 


4-S2 


0-46 


113 


0-09 


186 


0-01 


210 


30. 


10 33 


















30. 


33 


16-68 


3-86 


0-35 


119 


0-06 


173 


0-04 


61 


31. 


11 39 


















August ]. 
t. 


17 
13 1 


16-89 


3-64 


0-39 


127 


0-13 


190 


0-03 


335 


2. 


1 45 


17-20 


4-07 


0-38 


137 


0-ia 


198 


0-05 


304 


2. 


14 24 


















3. 


3 2 


17 00 


4-89 


0-44 


131 


0-12 


189 


0-03 


269 


3. 
4. 


15 37 

4 7J 


17-16 


£-66 


0-34 


115 


0-13 


171 


0-00 


122 


4. 


16 37 

4 57 1 


17-38 


6-59 


0-43 


121 


0-23 


165 


0-02 


287 


5. 
6. 


17 27' 
5 51 1 


17-38 


7-71 


0-55 


107 


0-29 


160 


0-01 


35 


6. 
7. 


18 17 
6 37 


17-53 


8-29 


0-64 


102 


0-37 


162 


0-04 


259 


8. 


18 57 
7 20 


17-57 


8*58 


0-74 


112 


0-45 


165 


0-11 


249 


8. 
9. 


19 45 
8 6 


17-56 


8-51 


0-72 


114 


0-39 


171 


0-09 


383 


9. 
10. 


20 25 
8 49 


17-48 


8-12 


0-71 


114 


0-34 


167 


0-09 


261 


10. 


21 7 


17-13 


7-56 


0-64 


111 


0-28 


167 


0-01 


77 


1). 


9 28 


















IJ. 


31 48 


1 7-22 


6^6 


0-59 


118 


0-25 


159 


0-04 


292 


13. 


10 14 


















12. 


22 39 


16-93 


5-40 


0-40 


122 


0-13 


166 


0-03 


77 


13, 


11 9 


















13. 


23 39 


16-72 


4-40 


0-33 


140 


0-05 


183 


0-00 


133 


14. 


12 23 


















15. 


I 7 


16-72 


s-si 


0-36 


140 


0-12 


209 


0-02 


337 


I a. 


13 .SO 


















16. 


2 33 


16-77 


4-30 


0-32 


145 


0-09 


204 


0-03 


356 


16. 
17. 


15 9 
3 39 


17-OG 


4-80 


0-33 


124 


0-08 


177 


O'Ol 


175 


17. 

18. 


16 5 
4 30 


17-11 


5-47 


0*41 


115 


0-11 


173 


002 


259 


18. 
19. 


16 51 
5 12 


17-28 


6-15 


O-SO 


113 


0-19 


163 


0-02 


109 


19. 
20. 


17 35 
5 49 


17-e6 


6-60 


0-47 


106 


0-S3 


181 


0-04 


307 


20. 
21. 


IB 3 
6 19 


17-04 


6-99 


IKO 


109 


0-23 


167 


0-04 


54 


2). 
22. 


18 35 

6 47 


16-73 


7-10 


0-57 


111 


0-24 


175 


0-03 


350 


22. 
23, 


19 
7 18 


1?10 


7-06 


0-59 


III 


0-30 


167 


0-02 


22 



60 



MR. AIRY ON THE LAWS OP THE TIDES 



Height of the Water in each individual tide at Limerick, excluding diui'nal tide^ 



Analjrsed time of high 


















water, correspondiug to 


Ag. 


C|. 


Vig. 


Cg. 


c,. 


<-r 


C4. 


^4. 


p^90\ 


















1842. h m 


ft. 

• • • . 
.... 
.... 

• . • * 


ft. 

* « • . 
• • • • 
. • . . 


ft. 

• • • • 

• • • • 

• • • • 

• « • • 


o 

• • • • 

• • • • 

• • • • 

• • • • 


ft. 

• • • • 

• • • • 

• • • • 

• • • • 


O 

• • ■ ■ 

• • • • 

• • • • 

• • • • 


ft. 

... a 

. • . • 
• • • . 




• • • • 

• • • • 

• • • « 










• • • • 


• . • • 


• • • • 

• • • • 


• • • • 

• • • • 


• • • • 

• • • • 


• • • • 

• • • • 


• • . • 


• • • • 


June 25. 20 30 ' 
26. 8 44 * 


18-41 


7-82 


0-78 


90 


0-68 


153 


0-22 


199 


26. 21 3 


17-54 


7-93 


1-23 


86 


0-84 


119 


0-45 


155 


27. 9 17 


















27. 21 80 


17*72 


7-07 


1-02 


96 


0-64 


129 


0-24 


174 


28. 9 46 


















28. 22 1 


17-50 


6-62 


1-01 


103 


0-51 


124 


0-17 


167 


29. 10 19 


















29. 22 37 


17-24 


5-92 


0-87 


97 


0-48 


129 


0-20 


167 


30. 10 59 


















30. 23 20 


18-12 


533 


0-71 


108 


0-34 


142 


0-10 


153 


July 1. 11 50 


















2. 20 


17-98 


5-03 


0-76 


118 


0-27 


151 


0-08 


225 


2. 12 56 


















3. 1 31 


17-78 


5-11 


0-92 


121 


0-43 


146 


0-25 


203 


3. 14 16 






. 












4. 3 


18-45 

• • • • 

• • • • 


5-67 

• • • • 

• • • • 


0-97 

• •• • • 

• • • • 


125 

• • • • 

• • • • 


0-38 

.... 


172 

• • • • 

• • • • 


0-18 

• • ■ • 

• • • • 


221 

• • • ■ 

• • • « 




5. 16 171 

6. 4 53/ 


17-28 


7-18 


0-79 


106 


0-46 


155 


0-28 


191 


6. 17 23l 

7. 5 50/ 


18-11 


7-97 


0-72 


97 


0-69 


143 


0-40 


204 


7. 18 15l 

8. 6 33/ 


18-65 


8-32 


0-67 


95 


0-86 


148 


0-24 


221 


8. 19 0l 

9. 7 20/ 


. 18-36 


9-21 


0-87 


90 


0-83 


136 


0-35 


173 


9. 20 


18-18 


9-78 


0-90 


66 


0-84 


123 


0-62 


138 


10. 8 23 














■ 




10. 20 45 18*40 


9-83 


1-02 


64 


0-84 


119 


0-63 


133 


11. 9 6 
















11. 21 27 


18-00 


9-67 


109 


69 


0-89 


115 


0-53 


135 


]2. 9 54 


















12. 22 20 


18-57 


8-69 


1-03 


80 


0-93 


]30 


0-47 


160 


13. ]0 37 


















13. 22 54 


17-45 


8-06 


0-89 


91" 


0-82 


126 


0-54 


161 


14. 11 19 


















14. 23 44 


lfi-91 


7-22 


0-87 


108 


0-66 


139 


0-29 


166 


15. 12 14 


















1G. 44 


17-14 


6-27 


0-89 


124 


0-36 


172 


0-12 


244 


16. 13 21 


















17. 1 58 


17-55 


5-94 


0-73 


128 


0-30 


156 


0-11 


206 


17. 14 35 


















18. 3 11 


17-38 


6-10 


0-76 


119 


0-58 


160 


0-13 


195 


18. 15 501 

19. 4 20/ 


17-38 


6-59 


0-70 


120 


0-43 


153 


0-15 


213 


19. 16 48 1 

20. 5 15/ 


17-45 


7-17 


0-87 


106 


0-49 


143 


0-16 


]89 


20. 17 36 1 

21. 5 56/ 


17-46 


7-75 


0-88 


94 


0-64 


141 


0-29 


167 


21. 18 21 1 

22. 6 37 ' 


17-50 


8-12 


1-02 


90 


0-73 


135 


0-38 


157 


22. 18 58' 

23. 7 16/ 


17-58 


8-35 


1-03 


87 


0-75 


180 


0-46 


168 



ON THB COASTS OP IRELAND. Gl 

expressed by the formula Ao+Cisinp+C^8in{2;)-f C2)+C38in(3/I+C2)+C48in(4;)-Kc4). 



An«l;ied tin 


B of IM> 




















A„. 


Ci. 


r,. 




Cj. 


'■j- 


C,. 




p-W. 


















1842. 


h m 


ft. 


ft. 


ft. 




ft. 




h. 




July 23. 
34. 


19 311 
7 *7J 

20 g 


17-55 


8-40 


0-99 


85 


0-76 


138 


0-48 


163 


S4. 


17-42 


8-50 


0-97 


76 


0-83 


111 


0-52 


138 


23. 


8 23 


















25. 


20 37 


17-34 


8-32 


0-94 


75 


0-70 


111 


0-46 


144 


26. 


8 51 


















2G. 


21 5 


17-10 


7-87 


0-95 


85 


0-67 


113 


0-46 


147 


27. 


9 18 


















37. 


21 30 


17-19 


7-31 


1-03 


88 


0-74 


122 


0-29 


160 


28. 


9 43 


















£8. 


21 55 


16-8G 


6-71 


l-Il 


91 


0-59 


113 


0-40 


183 


29. 


10 14 


















29. 


22 33 


17-31 


5-72 


0-97 


96 


0-31 


135 


0-17 


165 


.10, 


Ifl 5fi 


















30. 


23 19 


16-94 


495 


0*75 


110 


0-29 


142 


0-06 


214 


31. 


11 57 


















August 1. 
I. 


35 
13 31 


1711 


4-60 


0*76 


119 


24 


145 


0-15 


224 


3. 


9 SG 


17-« 


4-3 1 


0-73 


113 


0-35 


163 


0-16 


264 


8. 
.1. 


14 *S\ 
3 25 


17-12 


5-88 


0-75 


132 


0-39 


160 


0-08 


186 


3. 
4. 


16 31 
4 38 J 


17-65 


6-81 


0-63 


105 


0-49 


143 


0-31 


185 


4. 
3. 


17 10 
5 30 


1809 


810 


0-81 


86 


0-72 


148 


0-33 


171 


5. 
6. 


18 5 

6 291 


18-02 


9-30 


1-09 


75 


0-81 


127 


0-5. 


146 


G. 
7. 


IH 30 
7 10 
19 « 


18-41 


962 


1-17 


67 


0-94 


115 


0-35 


144 


7. 


17-99 


10-38 


0-99 


33 


0-74 


101 


0-64 


117 


8. 


8 8 


















8. 


SO 30 


18-05 


10-36 


0-93 


40 


0-77 


100 


0-66 


118 


9. 


8 48 


















9. 


21 6 


18-16 


9-95 


0-96 


52 


0-91 


107 


0-69 


122 


10. 


9 27 


















10. 


21 47 


17-73 


9-17 


0-91 


64 


0-90 


118 


o-es 


129 


11. 


10 5 


















11. 


22 23 


17-77 


8-24 


0-88 


85 


0-89 


122 


0-42 


152 


12. 


10 43 


















li. 


23 3 


17-18 


6-89 


0-87 


107 


0-62 


139 


0-22 


146 


13. 


11 31 


















13. 


23 58 


16-87 


5-56 


0-79 


130 


0-37 


169 


0-09 


201 


14. 


12 43 


















13. 
l.i. 


I 28 
14 8 


16-86 


4-95 


0-67 


134 


0-28 


160 


O-09 


210 


IG. 


2 47 


lG-85 


5-50 


0-75 


125 


0-39 


1G5 


0-13 


204 


id. 

17. 


15 29 
3 36 


17-20 


6-08 


0-65 


109 


0-37 


161 


0-10 


141 


17. 
IS. 


IG 39 
4 56 


17-33 


6-87 


0-80 


106 


0-46 


143 


0-24 


195 


18. 
19. 


17 20 
5 41 


17-73 


7-64 


0-94 


96 


0-62 


135 


0-30 


195 


19. 
20. 


18 7 
6 21 


17-84 


8-05 


1-10 


89 


0-79 


143 


0-3B 


172 


20. 

21. 


18 .36 
6 62 


17-58 


8-49 


1-03 


80 


0-74 


1.33 


0-49 


150 


21. 
22. 


19 91 

7 21 ( 


17-18 


87. 


0-98 


76 


0-74 


118 


0-51 


126 


22. 
23. 


19 35 
7 53 


17-63 


8-32 


1-18 


78 


0-82 


131 


0-43 


150 



63 Ma. AIRr ON THE LAVS OP THE TIDES 

Height of the Water in each individual tide at Casleh Bay, excluding diurnal tide. 



AnklpE^ tin 


rafliigh 




















K 


Ci- 


Cr 




c,. 


<■!■ 


C,. 




■ , = 90°. 


















1812. 


h m 


ft. 
18-57 


ft. 

6-70 


ft. 
0-17 


211 


ft. 

0-10 


233 


ft. 
0-03 


354 




JUDfiM.' 

24. 


17 861 
5 53 


S5. 


IB 31 
6 41 


18-75 


5-48 


0-18 


148 


0-17 


188 


0-04 


65 


25. 

86. 


19 1 
7 Ifi 


18-14 


5-29 


0-04 


269 


0-08 


245 


0-08 


341 


36. 
27. 


19 37 
7 56 


17-85 


4-88 


021 


180 


0-05 


118 


0-04 


87 


87. 
28. 


20 IS 
8 35 


18-08 


4-38 


0-15 


197 


009 


230 


007 


329 


28. 
29. 


20 58 
9 15 


17-80 


3-83 


Oil 


827 


0-05 


195 


0-05 


334 


29. 
30. 


21 39 
10 9 


17-93 


333 


0-13 


192 


0-Oli 


840 


0-03 


16 


30. 


22 32 


18-10 


3-04 


0-04 


166 


0-07 


224 


0-04 


317 


July 1. 


11 5 


















1. 


23 37 


17-74 


2-77 


0-05 


254 


0-10 


188 


001 


813 


S. 


12 16 


















3. 


55 


18-26 


2-90 


003 


293 


0-06 


299 


0-03 


5 


3. 


13 26 


















4. 


1 57 


18-83 


3-43 


007 


196 


007 


268 


005 


158 


4. 


14 22 


















5. 


2 47 


17-88 


4-06 


007 


208 


0-08 


252 


0-06 


341 


5. 


15 14 


















6. 


3 40 


17-80 


4-92 


0-06 


142 


0-13 


280 


0-03 


110 


6. 

7- 


16 3 
4 30 


18-35 


5'49 


0-03 


179 


0-02 


173 


0-07 


352 


7- 

8. 


)6 53 

5 11 


18-39 


6-18 


0-07 


289 


0-25 


239 


0-09 


347 


8. 
9- 


17 31 
5 51 


18-22 


6-76 


0-09 


134 


0-15 


209 


O-06 


349 


9- 
10. 


19 16 
6 40 


18-81 


7-09 


0-20 


176 


0-17 


236 


0-10 


51 


10. 
11. 


18 59' 
7 23 


18-37 


7-06 


0-17 


165 


0-13 


246 


0-02 


267 


n. 

18. 


19 46 

8 9 


18-16 


G-75 


0-eo 


199 


0-08 


245 


007 


354 


19. 
13. 


20 40 
9 4 


17-94 


6-06 


0-29 


165 


0-1 S 


216 


0-01 


332 


13. 
14. 


21 88 
9 55 


17-57 


fi-12 


0-16 


195 


0-14 


180 


0-06 


34S 


14. 


22 35 


17-58 


4-49 


0-15 


235 


0-15 


240 


0-11 


58 


15. 


11 12 


















15. 


23 48 


18-35 


3-74 


014 


2fi6 


0-07 


358 


0-04 


79 


16, 


12 24 


















17. 


1 


18-37 


3-57 


0-17 


270 


0*14 


239 


0-08 


128 


17. 


13 38 


















18. 


2 16 


18-20 


3-80 


0-14 


247 


0-14 


334 


002 


93 


18. 


14 47 


















19. 


3 18 


16-08 


4-34 


007 


888 


004 


261 


O'OI 


294 


19. 


1» 42 


















80. 


4 5 


17-96 


4-79 


Oil 


191 


0-05 


160 


004 


9 


20. 
31. 


16 29 
4 47 


17-88 


fl-12 


0-0 1 


275 


010 


247 


0-02 


258 


21. 
22. 


16 55 
5 11 


17'83 


5*65 


0-07 


C08 


0-06 


828 


0-08 


10 


23. 
23. 


17 29 
5 46 


17-87 


6-70 


0-15 


ISO 


0-13 


206 


0-09 


343 
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neflfligh 


















wsler, comaponiUng to 


A„. 


c,. 


Cj. 


f. 


f,. 


<^- 


C,. 




p~^0\ 


















1842. 


h n. 


ft. 


ft. 


ft. 




ft. 




ft. 


^ 


Julv 23. 
' 24. 


18 21 
6 18 


17-93 


5-70 


0-21 


154 


0-08 


230 


0-03 


289 


24. 
25. 


18 32 
6 52 


17*86 


5-66 


0-19 


141 


0-05 


208 


0-07 


329 


25. 
26. 


19 7 
7 24_ 

19 41' 
7 57 


17-71 


S'37 


0-Sl 


163 


0-06 


258 


0-04 


12 


26. 

27. 


17-56 


4-97 


0-18 


176 


0-07 


196 


0-03 


329 


sa. 


£0 13 
8 28 


17-57 


4-44 


0-16 


193 


. 0-08 


191 


0-06 


296 


as. 

29. 


20 fiO' 
9 9 


17-44 


3-75 


0-18 


179 


0-04 


196 


0-05 


313 


29. 


2] 28 


17-62 


3-35 


0-08 


157 


0-07 


23.3 


0-04 


318 


30. 


9 59 


















3U. 


22 29 


17-50 


2-79 


0-OS 


240 


0-U4 


170 


0-05 


84 


31. 


11 8 


















31. 


23 47 


17-71 


2-64 


0-06 


190 


0-09 


240 


0-04 


17 


August ]. 


12 30 




















1 12 


18-10 


2-87 


0-09 


25 


0-12 


244 


0-03 


67 


2. 


13 49 


















3. 


2 26 


17-73 


3-70 


0-04 


204 


0-09 


271 


003 


88 


3. 


14 53 


















4. 


3 19 


17-92 


4-BO 


0-08 


206 


0-16 


258 


0-01 


333 


4. 
5. 


IS 44 
4 4 


18-17 


5-52 


0-05 


259 


0-08 


246 


0-08 


34 


5. 
6. 


16 3D 
4 54 


18-15 


6-66 


0-18 


,68 


0-23 


187 


0-05 


91 


6. 
7. 


17 12 
5 32 


18-29 


7-58 


0-17 


121 


0-21 


206 


0-03 


331 


7. 
8. 


17 32' 
6 15 


18-32 


7-86 


0'«9 


137 


0-14 


208 


0-13 


343 


8. 
9- 


18 39 
7 


18-18 


7-90 


0-33 


172 


0-14 


226 


0-09 


U 


9. 
11). 


19 21 
7 45 


18-08 


7-27 


O'SB 


159 


0-18 


206 


0-14 


333 


11). 
11. 


20 3 

8 29 


17-96 


6-30 


0-29 


169 


0-19 


198 


0-12 


337 


11. 
li. 


°0 56 
9 19 


17-99 


fi-16 


0-19 


194 


0-14 


192 


0-05 


348 


13. 


2! .■>! 


17-83 


4-14 


0-05 


151 


0-08 


232 


0-09 


359 


13. 


10 30 


















13. 


23 9 


17-58 


3-26 


O-Il 


275 


0-13 


290 


0-08 


90 


14. 


11 55 


















15. 
1.1. 


40 
13 21 


1764 


2-90 


0-06 


217 


0-05 


241 


0-05 


93 


16. 


2 3 


17-73 


3-28 


0-09 


268 


0-10 


282 


0-02 


297 


16. 


14 32 


















17. 


3 2 


17-95 


3-81 


0-05 


254 


0-01 


368 


0-02 


350 


17. 
IS. 


15 331 

3 48 


17-99 


4-29 


0-05 


117 


0-06 


219 


0-02 


238 


18. 
19. 


16 3 
4 24 

16 44 
4 58 


18-12 


4-88 


0-08 


149 


0-13 


167 


0-04 


302 


19. 
20. 


18-12 


5-47 


0'16 


166 


0-1 1 


244 


0-04 


338 


SO. 

El. 


17 8 
i 24 


17-82 


5-87 


0-08 


150 


0-08 


236 


0-06 


8 


21. 

28. 


17 40 
5 52 


17-54 


6-02 


0-11 


166 


0-07 


200 


0-08 


352 


22. 
23. 


18 8 

6 26 


17-91 


6-00 


014 


ISfi 


0-11 


248 


0'08 


322 



64 MR. AIRY ON THE LAVS OF THB TIDES 

Height uf the Water in each individual tide at Oalvay, excluding diurnal tide,' 
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Cr 
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fr 
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18)2. 


h m 


ft. 


(t. 


ft. 




ft. 


...: 


ft. 
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JuneW 
23. 


18 32 

6 42 


18-59 


5-40 


0-07 


106 


0-47 


177 


0-06 


149 


26. 


19 4 

7 18 


17-84 


5-46 


0-17 


173 


0-06 


231 


0-14 


352 


26. 
«7. 


19 40 
7 59, 


17-44 


5-06 


0-21 


183 


0-07 


176 


0-08 


354 


27. 
28. 


20 20 
8 40 


17-74 


4-40 


0-18 


200 


0-15 


199 


14 


34 


2S. 
S9. 


81 4 
9 21/ 


17-39 

i7-Vo 


3-94 
3-l'2 


0-14 
009 


214 
'l88 


0-06 
008 


169 

'Hi 


0-20 

b'ls 


331 

'Hi 




30. 


22 36 


July I. 


11 11 


















1. 


S3 46 


17-58 


2-98 


002 


162 


0-16 


206 


007 


188 


3, 


12 22 


















:t. 


57 


17-94 


3-13 


0-07 


233 


0-11 


247 


0-08 


347 


3. 


13 32 


















4. 


2 7 


18-51 


3-59 


0-08 


140 


0-07 


345 


0-05 


170 


4. 


14 32 


















5. 


2 67 


17-56 
17-98 


4-22 

5'58 


008 
0-09 


226 
96 


019 
0-05 


335 
237 


0-04 
0-08 


22 

316 




"g.' 

7. 


16 14 
4 41 / 


7. 

8. 


17 4 
5 22/ 


18-09 


6-34 


0-U6 


156 


0-30 


308 


0-12 


336 


8. 
9. 


17 37 
5 57 


17-91 


7-03 


0-06 


90 


0-11 


203 


0-12 


2 


9. 


18 34 
G 48 


17-87 


7-32 


018 


158 


0-25 


£23 


0-27 


38 


11. 


19 8 
7 32 


17-91 


7-38 


0-27 


178 


0-18 


249 


0-18 


358 


12. 


19 55 

8 18 


17-72 


6-99 


0-29 


177 


0-06 


221 


0-25 


359 


12. 
13. 


20 45 
9 9/ 


17-60 
'l'7-13 


6-13 
4-6d 


0-38 
0-16 


186 
■326 


0-28 


193 
254 


0-19 
b-1'3 


347 
"26 




'l4.' 


22 40 


15. 


n 15 


















15. 


23 50 


17-61 


3-87 


0-22 


263 


0-16 


1 


0-06 


64 


16. 


12 24 


















17. 


5H 


17-71 


3-67 


0-27 


215 


0-21 


221 


007 


101 


17. 


13 37 


















18. 


2 15 


1--61 
17*53 


3-B8 
4-82 


0-06 
0-03 


310 
113 


0-19 
0-04 


246 
202 


0-08 
0-09 


61 

48 




1*9. 
30. 


15 37 
4 5/ 


2(t. 

SI. 


16 26 
4 44 


17-31 


5-22 


005 


117 


0-11 


207 


0-15 


33 


21. 
22. 


17 31 
5 19 


17-36 


W2 


0-14 


185 


0-07 


223 


0-17 


13 


2*. 

23. 


17 331 
5 50/ 


17-43 


5-86 


0-17 


143 


0-20 


194 


0-23 


317 



ON THE COASTS OP IRELAND. . ()5 

expressed by the formalaA(,+Ci8inp+C2*'"(2^+C2) +€3810 (3/»+C3)+C^8in(4;»+C4). 
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iiooding to 


Afl, 


t'l- 


f,. 




f.- 


fl- 


Cv 


Cf 


li^-JO''. 


















1842. 


h m 


ft. 


ft. 


ft 




ft 




ft. 




July S3. 
24. 


IS 5 
6 21 


17-33 


6-01 


0-80 


162 


0-22 


208 


0-11 


331 


25. 


IS 34 
6 S4 


17-32 


5-88 


0-18 


131 


0-07 


166 


0-21 


308 


25. 
26. 


19 7 
7 25 


17-22 


5-52 


0-27 


M9 


08 


226 


0-15- 


339 


26. 

87- 


)9 33 

7 49 


16-96 


5-30 


0-18 


201 


0-21 


203 


0-08 


319 


27. 

88. 


SU 12 
. 8 27 


16-98 
17-09 


4-65 
3-5IJ 


0-18 
0-21 


193 
'l62 


0-18 
0-18 


188 
239 


005 
0-14 


340 
312 




'29.' 


21 3.1 


;io. 


10 6 


















30. 


22 39 


17-04 


8-87 


0-06 


841 


0-09 


239 


0-14 


56 


31. 


11 SO 


















August 1. 

1. 



12 39 


17-85 


2-72 


0-03 


284 


0-08 


213 


0-03 


15 


s. 


1 18 


17-66 


3-12 


0-05 


128 


013 


843 


0-02 


321 


2. 


13 50 


















3. 


2 22 


17-37 


a-93 


0-07 


174 


0-1 1 


245 


0-02 


99 


3. 


14 49 


















4. 


3 14 


17-62 

IB-OS 


4-95 
6-64 


0-OH 
0-16 


139 
150 


0-20 
0-83 


247 
187 


0-07 

0... 


303 

■ 




' 5'. 
6. 


16 261 
4 50, 


f>. 

7. 


17 18 
5 36 


18-02 


7-93 


0-30 


118 


0-32 


200 


0*16 


4 


7. 

8. 


17 59 
6 22 


17-93 


8-13 


0-25 


145 


025 


195 


0-20 


9 


9. 
9. 


1» 51 
7 12/ 


17-77 


8-S4 


0-43 


183 


o-a.-i 


202 


0-35 


344 


9. 
10. 


19 34 

7 58 


17'G2 


7-65 


0-29 


160 


0-30 


216 


0-2G 


7 


IC. 
11. 


20 13 

8 39 


17-56 
17-21 


6-60 
4-52 


0-40 
0-1)9 


168 

'1C6 


0-29 
0-22 


199 
800 


0-21 
0-04 


342 
'b3 




"12. 


22 3 


13. 


10 43 


















13. 


23 28 


17-20 


3-43 


0-13 


259 


0-11 


876 


009 


124 


14. 


12 7 


















15. 


52 


17-13 


3-05 


0-02 


27 


005 


198 


0-10 


IlG 


15. 


13 33 


















16. 


a 14 


17-23 
17-43 


3-38 
4-46 


0-03 
0-02 


234 
154 


0-16 
0-11 


290 

188 


0-05 
0-09 


314 

291 




17. 
18. 


15 351 
3 59 


18. 
19. 


16 15 
4 36 


17-79 


5-1 B 


0-16 


127 


0-14 


175 


0-18 


277 


19. 
20. 


16 51 
5 5 


17-66 


5-67 


0-18 


IGO 


0-17 


209 


0-09 


53 


20. 
21. 


17 15 
5 31 


17-37 


6>1B 


0-13 


154 


0-07 


213 


010 


330 


21. 
22. 


17 43I 
5 55 


17-06 


6-30 


0-19 


163 


0-11 


159 


0-25 


348 


22. 
23. 


18 6 
6 24 


17-49 


6-23 


0-26 


148 


on 


204 


0-27 


313 



66 MR. Aiav ON THE LAVS OF THE TIDES 

Height of the Water in each individual tide at Old Head, excluding diurnal tide. 



AmlTSfd ILn 


EOfllisIl 




















^■ulmg.o 




c,. 


c 


■V 


C,. 


'1- 


C(. 


tf. 


"""■T^V. 


















1842. 


h m 


ft. 


fl. 


ft. 




ft. 




ft. 




June 22. 
23. 


17 151 
5 39 


18-51 


6-1 1 


0-12 


133 


0-08 


331 


0-08 


298 


S3. 
24. 


18 3 
6 23 


18-55 


6-04 


0-16 


146 


0-09 


S3 


0-06 


315 


S*. 
25. 


18 40 
6 60 


18-49 


4-73 


0-18 


207 


0-17 


282 


0-09 


44 


25. 

26. 


19 13 

7 27 


17-88 


4-69 


0-08 


186 


0-07 


197 


007 


185 


26. 

27. 


SO 3 

8 38 


17-53 
17-73 


4-40 
3-58 


0-12 
0-09 


193 
356 


0-03 
0-06 


S8 
174 


0-08 
0-62 


348 
"116 




28.' 


81 87 


29. 


9 50 


















29. 


82 12 


17-65 


3-07 


0*06 


348 


0-09 


160 


0-03 


60 


30. 


10 32 


















30. 


22 52 


17-91 


8-68 


0-04 


276 


0-12 


173 


0-02 


328 


July 1. 


11 25 




















23 68 


17-69 


8-52 


0-08 


207 


0-09 


195 


0-05 


210 


S. 


12 35 


















3. 


1 12 


18-02 


2-65 


0-05 


98 


0-06 


830 


0-04 


244 


3. 


13 43 


















4. 


2 14 


18-68 


3-08 


0-05 


218 


0-10 


231 


0'02 


39 


4. 


U 42 


















5. 


3 9 


17-86 


3-71 


0-12 


161 


0-1 S 


280 


O-04 


57 


5. 
6. 


15 21 
3 55 


17-43 


4-12 


0-19 


327 


0-16 


293 


0-15 


220 


' '7. 
8. 


'i7'i2l 

5 30 


18-05 


6-43 


0-09 


332 


0-21 


213 


0-07 


339 


8. 
9. 


17 52 
6 12 


18-23 


6-18 


0-13 


93 


0-14 


222 


0-09 


316 


9. 
10. 


18 36 
7 


18-22 


6-58 


0-21 


112 


0-15 


159 


0-11 


276 


10. 

n. 


19 18 

7 42 


18-15 


6-29 


0-12 


194 


0-17 


186 


0-05 


303 


11. 
12. 


20 7 
8 30 


17-93 


6-13 


0-15 


233 


008 


358 


0-02 


335 


12. 

13. 


20 56 
9 20 


17-83 


6-41 


0-16 


167 


0-01 


12a 


0-03 


245 


13. 
14. 


21 21 

10 19 


17-31 


4-93 


0-08 


264 


0-02 


169 


0-08 


878 


14. 


22 47 


17-52 


4-07 


O'lO 


806 


0-08 


270 


006 


267 


15. 


11 22 


















15. 


23 56 


IS'IO 


3-47 


0-10 


273 


0-15 


314 


0-03 


175 


16. 


12 32 


















17. 
17. 


1 7 
13 44 


18-08 


3-21 


0-16 


249 


25 


276 


0-11 


215 


18. 


2 21 


17-95 


3-37 


O-II 


178 


0-07 


231 


0-04 


356 


18. 


U 52 


















19. 


3 23 


17-88 


3-91 


0-02 


326 


0-16 


289 


0-07 


81 


ID. 
20. 


15 44 

4 11 


17-83 


4-18 


0-08 


10 


0-17 


237 


0-05 


167 


20. 
21. 


16 35 
4 53 


17-61 


4-59 


0-04 


180 


0-07 


879 


0-04 


113 


21. 

82. 


17 14 
6 30 


17-56 


4-93 


0-07 


201 


0-1 1 


892 


0-07 


«7 


22. 
23. 


17 44 
6 1 


17-61 


S-10 


0M>5 


112 


0-07 


272 


0-06 


311 



OH TBB COASTS OP IRELAND, 
xpressed by the formula Ao+Ci8iop+C28in{2p+C2)+Cj8m(3)»+C3)+C48in(4p+i 
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c,. 
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^■ 
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'i- 
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t,. 
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18«. 


h m 


n. 


ft. 


fi. 




ft. 


^ 


ft. 




July 23. 

24. 


18 151 
6 31 


17-57 


5-09 


0-06 


147 


0-13 


196 


0-08 


259 


S4. 
25. 


18 44 

7 4 


17'7S 


S-10 


«-18 


118 


005 


127 


0-02 


273 


25. 
86. 


19 20 

7 37 


17-5 1 


4-81 


0M5 


151 


0-09 


72 


0-03 


240 


26. 
27. 


19 51 

8 7 


17-42 


4-52 


0-12 


189 


0-05 


no 


0-08 


254 


27. 

26. 


SO 30 

B 45 


17-42 


3-83 


0-18 


184 


0-18 


118 


0-06 


284 


SS. 


21 15 


17-26 


3-63 


0-07 


139 


0-11 


124 


0-09 


138 


29. 


9 39 


















29. 


22 3 


17-35 


2-95 


0-06 


156 


0-01 


267 


0-05 


158 


30. 


10 30 


















30. 


22 67 


17-29 


2.47 


0-02 


208 


0-09 


267 


0-05 


12 


31. 


11 36 


















August 1. 


15 
12 57 


17-56 


e-30 


0-04 


204 


0-19 


267 


0-01 


6 


2! 


1 38 


17-85 


2-57 


0-16 


201 


0-29 


275 


0-12 


91 


2. 


14 12 


















3. 


2 46 


17-55 


8-32 


0-10 


257 


0-27 


282 


0-08 


281 


3. 


15 2 


















4. 


3 18 


17-64 


4-12 


0-10 


206 


0-11 


248 


0-09 


262 


4. 

5. 


15 491 
4 9 


18-32 


4-97 


0-15 


33 


O-IO 


242 


0-12 


220 


5. 
6. 


16 32 
4 56 J 


18-20 


6-96 


0-08 


51 


0-13 


S60 


0-13 


337 


8. 
9. 


19 5 1 
7 2G 


17-98 


7-13 


0-17 


167 


0-07 


120 


0-10 


180 


9. 
10. 


19 45 
8 9 


17-92 


6-56 


0-16 


171 


0-07 


324 


0-07 


268 


JO. 

11. 


20 28 
8 54 


17-G6 


5-7S 


0-12 


148 


D-OS 


33 


0-01 


183 


11. 
12. 


21 19 
9 42 

22 10 


17-70 


4-86 


0-07 


198 


0-03 


157 


0-06 


103 


12. 


17-57 


3-71 


0-21 


199 


Oii6 


229 


0-05 


253 


13. 


10 47 


















13. 


23 23 


17-44 


3-00 


0-06 


225 


0-13 


239 


0-03 


83 


14. 


12 11 


















15. 


68 


17-33 


2-48 


008 


239 


0-18 


276 


0-03 


157 


15. 


13 37 


















16. 


2 16 


17-52 


2-67 


0-13 


172 


0-19 


270 


0-02 


13 


16. 


14 50 


















17. 


3 23 


17-79 


3-36 


0-04 


359 


0-16 


277 


0-06 


87 


17. 
18. 


15 36 
4 5 


17-69 


3-98 


0-08 


308 


0-06 


216 


0-01 


93 


18. 
19. 


16 26 

4 47 


17-90 


4-52 


0-09 


107 


0-02 


75 


0-09 


169 


19. 
20, 


17 3 
6 17 


18-07 


5-03 


0-17 


79 


0-07 


278 


0-03 


134 


20. 

21. 


17 51 
6 7 


17-18 


6-«7 


0-31 


266 


0-03 


159 


O-IO 


194 


21. 

22. 


18 12 
6 24 


17-67 


ft.&2 


0-27 


70 


0-13 


91 


0-12 


257 


22. 

23. 


18 38 
6 56 


17-69 


5-28 


003 


165 


0-09 


73 


0-04 


310 



"68 MR. AIRY ON THE LAWS OF THE TIDES 

IIt;igbt of the Water in each individual tide at MuUagbmore, excluding diui'nal Hde^ 



AnalvBeil tim 


P of high 






















«,ndmK M 




C,. 


C,. 


C,j. 


Cj. 


'"i- 


c.- 






■ p^90'. 




















11^42. 


h m 


ft. 


ft. 


ft. 




ft. 




ft. 






June 22. 
23. 


17 43 
5 45 


18-44 


4-98 


0-17 


246 


0-04 


72 


0-08 


189 




23. 
24. 


IS 17 

6 39 


18-85 


*-97 


0-18 


187 


0-14 


65 


0-13 


237 




94. 
25. 


18 46 
6 56 


19-12 


4-77 


0-17 


27 


0-25 


274 


0-33 


108 




25. 

26. 


19 34 

7 48 


18-29 


4-51 


0-19 


265 


0-18 


16 


0-07 


328 




26. 
27. 


SO 10 
8 29 


18-01 


4-10 


0-13 


157 


015 


30 


0-10 


261 




87. 


20 50 


18-20 


3-77 


0-04 


238 


0-11 


60 


008 


175 




S8. 


9 7 




















28. 


81 24 


18-25 


3-32 


0-16 


115 


0-12 


397 


0-07 


283 




29. 


9 49 




















29. 


22 14 


18-08 


S-90 


0-11 


126 


0-10 


283 


0-06 


131 




30. 


10 40 




















.10. 


23 e 


18-33 


2-56 


0-09 


224 


0-02 


244 


0-12 


204 




July I. 


11 51 




















e. 


36 


18-46 


2-51 


0-09 


95 


0-12 


234 


0-05 


50 




2. 


13 3 




















3. 


1 29 


18-35 


2-46 


0-04 


178 


008 


160 


0-05 


315 




3. 


14 8 




















4. 


2 46 


18-97 


3-87 


0-2? 


358 


010 


151 


0-05 


la 




4. 


15 3 
3 21 


18-26 


3-35 


0-11 


321 


0-13 


250 


..., 


22 




g! 


15 35 
4 19 


17-96 


3-88 


0-04 


149 


0-04 


126 


005 


265 




6. 

7. 


16 37 
5 4 


18-87 


4-27 


0-26 


129 


0-19 


355 


0-04 


264 




7. 


17 18' 
5 36 


18-42 


5-11 


0-33 


291 


019 


275 


0-11 


171 




8. 
9. 


17 59I 
6 19 


18-73 


5-77 


0-10 


173 


0-09 


28 


0-12 


173 




9. 
10. 


18 53 

7 17 


18-65 


6-02 


0-22 


166 


0-19 


16 


0-08 


260 




10. 

11. 


19 30 
7 54 


1 8-57 


5-89 


0-13 


148 


005 


64 


0-JO 


238 




11. 

12. 


20 18 

H 41 


18-01 


5-68 


0-15 


204 


017 


56 


0-06 


188 




12. 


31 10 


18-04 


5-41 


fl-O.'i 


333 


024 


33 


0-06 


44 




1.3. 


9 38 




















13. 


22 6 


17-61 


4-59 


0-17 


241 


0-13 


45 


0-08 


204 




14. 


10 32 




















14. 


22 57 


17-73 


3-92 


0-11 


156 


0-16 


121 


0-15 


212 




15. 


n 32 




















16. 


6 


19-15 


3-16 


0-25 


276 


013 


152 


0-09 


246 




16. 


12 44 




















17. 


1 22 


18-27 


3-13 


0-21 


158 


0-10 


81 


0-0 i 


151 




17- 


14 5 




















18. 


2 47 


18-22 


.3-15 


O-09 


176 


004 


68 


0-02 


112 




18. 


15 17 




















19. 


3 46 


18-05 


3-40 


0-10 


274 


0-14 


58 


0-12 


56 




19- 
20. 


IG 12 
4 39 


18-09 


3-73 


0-14 


254 


0-12 


227 


0-05 


199 




20. 

21. 


16 57 

5 15 


1803 


4-21 


0-01 


128 


0-04 


75 


0-02 


51 




21. 
22. 


17 42 
5 58 


17-68 


4-50 


0-30 


2S3 


0-17 


217 


0-17 


176 




22. 
23. 


18 3 
6 20 


17-87 


4-85 


0-07 


51 


0-13 


46 


0-07 


192 





ON THE COASTS OP IREI.AND. . (>9 

expressed by the formula Afl+C, sin p+Cg sin (2/»+C2)+C3 sin (3/»+C3)+C49in(4/»+c^). 



AniUyscd Time of high 
water. aurespoDdiiig W 


... 


r,. 


C,. 


fj- 


c,. 


1- 


Cv 


r.. 


1S42. 


h ID 


ft. 


ft. 


ft. 




n. 




a. 




July 83. 
S4. 


18 39 
G 55 


1791 


5-01 


O-05 


78 


0-16 


41 


0-05 


142 


24. 
25. 


19 n 

7 31 


17-99 


4-81 


0-19 


117 


0-10 


298 


0-04 


120 


2S. 


19 40 
7 57 


17-62 


4-65 


0-14 


240 


0-16 


69 


0-12 


207 


86. 
27. 


20 14 
8 30 


17-63 


4-18 


0-13 


114 


0-11 


30 


0-05 


159 


«7. 


SO 51 


17-77 


3-80 


007 


ISO 


0-08 


352 


0-08 


179 


28. 
28. 


9 4 

21 17 


17-57 


3-56 


009 


101 


007 


73 


0-15 


68 


29. 
29. 


9 45 
28 12 


17-64 


S-82 


0-04 


190 


009 


136 


0-05 


324 


.10. 


10 38 
«3 4 


17-50 


8-19 


002 


150 


0-01 


130 


008 


212 


31. 

AugOBl 1. 


11 49 
33 


17-71 


207 


0-04 


157 


005 


139 


0-03 


336 


1. 
2. 


13 3D 
2 6 


18-24 


3-45 


05 


232 


0-06 


113 


0-04 


30 


3! 


14 36 
3 5 


17-93 
18-40 


3-15 
4-69 


on 

05 


168 
337 


0-17 
0-06 


253 
14 


0-05 
0-05 


285 
152 




4. 

.1. 


16 20 
4 40 


.1. 
fi. 


17 12 
5 36 


18-64 


S-63 


0-26 


112 


0-09 


298 


004 


62 


6. 

7. 


17 66 
6 16 


18-73 


6-18 


012 


84 


0-14 


301 


008 


90 


7. 


18 17 
6 40 


18-13 


6-54 


0-41 


340 


0-1 8 


8S7 


0-26 


127 


8. 
9. 


19 15 
7 36 


18-30 


6-68 


0-27 


174 


0-13 


SI 


015 


214 


9. 
10. 


19 59 
8 23 


18-54 


6-29 


0-33 


139 


0-17 


26 


0-10 


194 


10. 


20 49 


17-97 


5-57 


0-16 


S33 


0-19 


38 


0-09 


241 


11. 

11. 


9 13 
21 3G 


18-15 


4-71 


007 


302 


16 


49 


0-10 


220 


13. 


ID 2 

23 27 


16-02 


3-62 


0-10 


263 


0-10 


75 


0-11 


227 


1 3. 
13. 


11 7 
23 47 


17-79 


2-88 


0-U5 


220 


0-18 


164 


0-09 


245 


11. 
1.1. 


12 31 
1 U 


17-64 


2-31 


0-10 


181 


0-09 


175 


0-18 


37 


l.'i. 


13 58 
2 41 


17-70 


272 


0-08 


225 


0-07 


208 


0-13 


3 


16. 
17. 


15 10 
3 38 


17-99 


3-27 


0-«8 


212 


0-06 


97 


0-05 


96 


17- 

18. 


15 561 
4 13 


17-99 


3-73 


0-07 


257 


0-05 


211 


0-11 


190 


1«. 
19. 


16 42 
5 3 


18-26 


4-18 


0-02 


188 


0-13 


9 


0-10 


293 


IJO. 


17 15 
5 39 


18-52 


4-53 


0-03 


320 


0-16 


353 


0-03 


5 


eo. 

21. 


17 36 
5 42 


17-61 


4-79 


0-29 


XI 6 


0-IS 


170 


0-12 


184 


SI. 

22. 


la 29 
6 41 


17-89 


539 


0-29 


121 


0-26 


1 


0-07 


52 


22. 
83. 


19 45 
8 3 


17-86 


6-33 


0-26 


217 


0-06 


lot 


0-15 


134 



70 MR. AIRr ON THE LAWS OP THE TIDES 

Height of the Water in each individaal tide at Buneraoa, excluding diurnal tide. 



Aiuaywd ti 


noofliigh 


















WBler, correi 


ponrtiHgto 


An. 


C,. 


Cj. 




c,. 


ep 


C- 


f.- 


p^^O". 


















1842. 


h R1 


ft. 


ft. 


ft. 




ft. 


^ 


ft. 


^ 


23. 


18 21 
6 18 


17-23 


5-28 


0-18 


184 


0-12 


263 


0-04 


113 


23. 
24. 


18 38 
6 51 


18-38 


6-10 


0-16 


145 


0-19 


234 


0-06 


158 


S4. 
25. 


19 23 

7 38 


18-22 


6-10 


0-12 


215 


0-16 


266 


o^)5 


259 


86. 


20 3 
8 20 


17-93 


4-69 


0-11 


123 


0-12 


263 


0-03 


168 


86. 
87. 


20 35 
9 7. 


17-44 


4-37 


0-20 


161 


0-09 


281 


0-05 


282 


87. 
28. 


21 15 
9 20 


17-66 


3-69 


0-13 


203 


0-15 


248 


0-07 


830 


88. 
29. 


22 
10 25 


17-47 


3-22 


0-09 


164 


0-11 


256 


000 


74 


89. 


22 48 


17-40 


a-97 


0-15 


54 


003 


203 


004 


143 


30. 


u 17 
















« 


30. 


23 46 


17-71 


2^4 


0-15 


79 


0-04 


244 


0-03 


203 


July I. 


12 80 


















2. 


0-54 


17-52 


2-42 


0-12 


100 


0-07 


243 


0-02 


260 


2. 


13 32 


















3. 


8 10 


17-70 


2-58 


012 


188 


0-01 


264 


0-01 


322 


3. 


14 44 


















4. 


3 18 


18-18 


3-04 


0-17 


186 


0-11 


322 


0-02 


97 


4. 
fi. 


15 48] 
4 3 


17-79 


3-39 


0-22 


261 


0-05 


199 


0-06 


159 


5. 

6. 


16 26 
5 4 


17-06 


4-18 


0-08 


280 


0-05 


300 


0-03 


279 


6. 
7. 


17 241 
5 37/ 


17-55 


4-94 


0-OB 


289 


0-09 


252 


004 


167 


7. 

8. 


18 4 
6 29 


17-70 


5-75 


0-10 


193 


0-05 


283 


0-03 


221 


8. 
9. 


18 581 
7 16/ 


1778 


6-25 


0-23 


153 


0-17 


261 


0-04 


340 


9. 
10. 


19 331 
8 0/ 


17-85 


6-57 


0-28 


163 


O-Il 


322 


0-09 


296 


10. 
11. 


20 21 
8 45 


17-98 


6-56 


0-29 


158 


0-08 


237 


0-11 


253 


11. 
12. 


21 n 

9 29/ 


17-32 


6-10 


0-24 


177 


0-04 


253 


0-1 1 


328 


12. 


22 5 


17-31 


5-79 


0-26 


215 


0-15 


265 


0-07 


241 ' 


13. 


10 33 


















13. 


2.1 


16-99 


4-91 


0-15 


253 


0-13 


296 


0-07 


290 


14. 


11 31 


















15. 


2 


16-81 


4-06 


0-13 


827 


0-02 


359 


0-02 


208 


13. 


12 .38 


















16. 


1 13 


17-31 


3-31 


009 


204 


0-07 


320 


0-02 


132 


16. 


13 55 


















17. 


2 36 


17-53 


3-15 


0-07 


177 


0-03 


863 


0-05 


143 


17. 


15 15 


















19. 


3 54 


17-28 


3-38 


0-21 


211 


0-03 


168 


0-00 


29 


18. 
19. 


16 221 
5 2/ 


17-29 


3-70 


0-07 


269 


0-02 


26 


0-04 


287 


19. 
20. 


17 191 
5 43 


17-28 


4-12 


0-0 1 


78 


0-06 


241 


0-03 


325 


20. 
21. 


18 5 

6 22 f 


17-16 


4-61 


O-IO 


137 


0-03 


311 


0-06 


807 


81. 
28. 


18 39 
6 56/ 


17-04 


6-OS 


0-09 


159 


0-08 


246 


0-04 


S3S 


22. 
23. 


19 lOi 
7 24/ 


17-16 


5-2t 


0-12 


106 


008 


256 


0-05 


345 



ON THE COASTS OF IRELAND. .71 

expressed by the formnla A(,+Cj8inp+C28in(2/»+e2)+C38in(3;>+C3)+C4sio{4p+c^). 



Auljud time of high 


.. 


C,. 


C^ 


r,. 


C,. 


f.- 


C.. 


^- 


1812. 

July 33. 
24. 


h m 
19 411 
7 S3 


ft. 
17-21 


ft. 
5-23 


ft. 
0-12 


149 


n. 
0-O7 


216 


ft. 
0-08 


264 


24. 
25. 


20 3 
8 20 


17-26 


5-11 


0-14 


118 


0-09 


224 


0-03 


259 


85. 
26. 


20 37 

B 44 J 


16-96 


4-87 


0-05 


108 


007 


194 


0-01 


325 


26. 
27. 


21 3 
9 23 


16-87 


4-41 


0-03 


135 


0-06 


213 


0-02 


306 


27. 
«8. 
»8. 
f9. 
«9. 
30. 
30. 
31. 
August I, 


21 38 

9 filj 

22 9 


17-04 
16-82 


3-87 
3-53 


0-05 
0-04 


159 
311 


0-07 
013 


217 
247 


002 
0-04 


266 
235 


10 29 
2S 49 

11 18 
23 46 

12 31 
1 16 


17-02 
17-06 
17-24 


2-86 
8-41 

2-25 


0-11 
0-12 
0-14 


58 
87 
126 


0-08 
006 
0-01 


234 
190 
284 


0-02 
0-02 
0-01 


179 
15 
95 


3. 


2 45 


17-68 


S-65 


0-18 


189 


0-10 


225 


0-05 


234 


2. 
3. 


IS 9 
3 43 


17-24 


3-10 


0-14 


227 


0-04 


216 


0-03 


53 


3. 
4. 


•16 13 
4 36 


17-60 


3-87 


0-05 


292 


0-09 


195 


005 


199 


4. 

5. 


17 3 
5 23 


17-79 


5-20 


014 


249 


0-08 


233 


0-08 


272 


5. 
6. 


17 43 
6 4 


■ 17-77 


6-10 


0-12 


210 


0-06 


102 


0-14 


294 


G. 


18 27 
6 42 


17-82 


6-90 


0-10 


189 


006 


258 


0-02 


237 




19 6 

7 31 


17-67 


7-42 


0-25 


151 


0-34 


280 


008 


56 




19 49 
8 11 


17-71 


7-40 


0-25 


178 


on 


.,5 


0-12 


309 


lo! 


20 32 
8 53 


17-71 


6-68 


0-26 


168 


0-12 


300 


0-08 


313 


10. 


21 16 
9 37 

22 16 

10 43 

23 10 

11 50 
30 

13 17 

2 3 

14 43 

3 22 


17-37 


S-76 


0-29 


158 


009 


293 


0-10 


294 


11. 
19. 

13. 

l.i! 
16. 


17-22 
1732 
17-09 
16-96 
16-99 


4-92 
3-62 
2-76 
2-50 
2-81 


0-03 
0-10 
0-08 
0-13 
0-11 


254 
244 

146 
208 
217 


0-06 
0-09 
006 
0-04 
0-03 


328 
266 
325 
69 
90 


0-03 
0-04 
003 
001 
0-02 


310 
313 
154 
315 
96 


If. 


15 53 
4 18 


17-46 


3-32 


0-01 


172 


0-06 


244 


0-04 


165 


\», 


16 43 
5 4 


17-37 


3-88 


001 


169 


0-03 


196 


0-03 


209 


18. 
19. 


17 22 
5 39 


17-54 


4-52 


0-09 


161 


0-07 


273 


0-02 


9 


19. 
20. 


17 52 
6 4 


17-70 


5-04 


O-Ol 


202 


0-06 


tss 


0-05 


235 


SO. 
21. 


18 22 
6 37 


17-33 


6-38 


0-17 


1S6 


0-08 


213 


0-06 


237 


21. 

22. 


18 49 
7 4 


17-n 


S-fiO 


017 


129 


0-08 


266 


0-09 


330 


22. 
23. 


19 15 
7 36 


17-67 


5-46 


0-06 


148 


006 


292 


0-OS 


302 



7i HR. AIRY ON THE 

. Height of the Water id each individual 



LAWS OP THE TIDES 
tide at Port Rush, excluding ditiraal tide. 



Analried tin 


e of high 


















water, correBponding" W 


Ao- 


c,. 


c,. 




c, 


<■»■ 


f.- 




p^9lf. 


















IK) 2. 

June 2S. 
23. 


h m 


fi. 


ft. 


ft. 




fi. 




ft. 




18 35 1 
6 51 


17-91 


2-38 


0-05 


195 


0-10 


266 


0-04 


163 


2.1. 
24. 


19 3 
7 16 


18-62 


2-22 


0-03 


229 


0-14 


251 


0-05 


132 


24. 


19 37 
7 62 


18-64 


2-21 


006 


185 


0-14 


250 


0-03 


342 


2.1. 
26. 


20 16 
8 .13 


)8-26 


1-89 


C-05 


141 


0-12 


267 


0*03 


323 


8fi. 

27. 


20 21 
8 56 


17-66 


1-62 


008 


154 


0-08 


£48 


0-02 


313 


27- 


21 43 
9 48 


1792 


139 


0-11 


221 


0-12 


239 


0-0 1 


171 


28. 
29. 


22 30 
10 55 


I7-5S 


1-20 


0-oy 


255 


0-10 


247 


0-02 


117 


29. 
30. 


B3 30 
12 30 


17-41 


1 03 


0-08 


324 


0-12 


290 


004 


326 


July 1. 


39 

13 23 


17-95 


0-87 


0-07 


84 


005 


310 


0-00 


156 


2. 


2 7 


17-86 


0-94 


0-14 


161 


0-06 


310 


0-02 


106 


3. 


14 58 


















3. 


3 48 


17-93 


1-13 


on 


172 


0-04 


338 


001 


66 


3. 


16 12 


















4. 


4 36 


18-46 


1-38 


0-15 


215 


0-07 


315 


0-02 


117 


4. 


16 57 


















.1. 


a 18 


18 10 


1.57 


012 


239 


0-11 


274 


05 


155 


a'. 


17 8 
5 46 


17-35 


1-76 


0-OC 


323 


0-13 


253 


0-04 


104 


fi. 

7. 


17 49 

6 2 


17-88 


S-26 


0-12 


283 


0-10 


243 


0-03 


176 


7. 
8. 


18 27 
6 !,2 


18-00 


8-60 


0-06 


193 


0-15 


274 


0-02 


150 


8. 

9. 


19 

7 24 


18-15 


2-80 


0-15 


164 


007 


270 


0-01 


314 


9. 

10. 


19 3« 

8 5 


18-28 


2-90 


014 


158 


0-14 


265 


002 


334 


10. 
11. 


20 28 
8 51 


18-39 


2-91 


0-13 


155 


0-16 


258 


002 


163 


11. 
12. 


21 12 
9 30 


17-83 


2-58 


0-18 


143 


0-11 


260 


0-01 


355 


12. 
1.1. 


21 52 

10 18 


18-15 


8-17 


0-22 


153 


0-11 


227 


001 


56 


13. 


22 47 
11 25 


17-37 


1.72 


021 


150 


0-09 


254 


0-02 


105 


1.5. 


29 


17-04 


1-52 


0-14 


282 


0-09 


.314 


0-04 


138 


1.<>. 


13 12 


















Ifi. 


1 55 


17-52 


1-21 


007 


276 


0-05 


335 


004 


169 


Ifi. 


14 39 


















17. 


3 23 


17-73 


1-31 


0-06 


237 


03 


322 


0-06 


206 


17. 


15 5a 


















18. 


4 32 


17-51 


1.41 


0-14 


227 


0-08 


285 


0-01 


156 


IS. 


16 57 


















19. 


5 22 


17-41 


1-6H 


0-13 


277 


0-06 


312 


0-03 


189 


19. 
SO. 


17 40 
6 4 


17-aS 


1-82 


0-01 


29 


0-06 


274 


002 


176 


20. 
21. 


18 U 
6 33 


17-57 


2-00 


0-05 


69 


0-13 


287 


0-00 


180 


21. 
22. 


18 46 
7 23 


17-47 


2-14 


0-02 


56 


0-12 


275 


0-01 


253 


23. 
23. 


19 19 
7 33 J 


17-57 


2-22 


O'U 


116 


0-11 


274 


0-03 


285 



ON THB COASTS OF IREIJWD. 73 

expressed by the formula Ao+C,8in/i+C2Bin(2j>+Cj)+C38in(3p+C3)+C,sin(4p+c,). 



Analf icd time of high 

"-■-IT'"'" 


Ar 


C,. 


c.. 


<V 


c 


'J- 


c 


e,. 


1842. 
July 83. 
S4. 


h Dl 

19 311 

7 43 


ft. 
17-57 


ft. 
8-33 


ft. 
012 


346 


ft. 
0-80 


840 


ft. 
0-08 


141 


24. 
83. 


20 10 
8 27/ 

80 49 
8 5fi 


1 7-52 


8-15 


0-06 


85 


0-14 


261 


003 


157 


36. 

86. 


17*37 


1-98 


0-04 


201 


0-13 


8S6 


0-02 


144 


86. 
S7. 


81 IS 
9 35, 


17-28 


1-70 


0-01 


61 


0-10 


252 


0-02 


135 


87. 
88- 


81 S7 

10 10 
88 49 

11 16 
23 43 
IS 89 

1 15 
14 11 

3 6 
is 41 

4 16 


17-38 


1-39 


0-02 


70 


0-10 


S46 


0-04 


239 


88. 
89. 
89. 
30. 
3). 
31. 
August 1. 

1. 

8. 


17-06 
17-18 
17-40 
17-43 
17-84 


1-17 
0-93 
0-80 
0-94 
1-30 


0-07 
0-10 
0-15 
0-17 
0-10 


31 
64 

78 
173 
201 


0-10 
0-OS 
0-03 
0-06 
0-09 


836 
310 
323 
329 

306 


003 

0-01 
0-08 
0-00 
0-03 


186 
183 
330 
17 
341 


8. 
3. 


16 20 1 
4 S6 


17-34 


1-39 


0-30 


260 


0-08 


288 


0-04 


173 


3. 
4. 


17 8 
S 31 


17-77 


1-79 


0-16 


273 


0-11 


254 


0-04 


184 


4. 
5. 


17 421 

6 2 


18-16 


8-88 


0-1 fi 


867 


0-17 


242 


0-06 


242 


5. 
fi. 


18 11 

6 32 


18-00 


S-72 


0-08 


201 


0-16 


S39 


0-03 


129 


6. 
7. 


18 47 

7 2. 


18-19 


317 


0-07 


179 


0-20 


345 


0-03 


382 


7. 
8. 


19 19 

7 44 


18-06 


3-48 


0-83 


144 


013 


848 


0-03 


307 


8. 
9- 


19 69 
8 21 


18-03 


3-38 


0-20 


161 


0-10 


260 


0-02 


381 


9. 
10. 


20 4S 
9 6 


17-91 


8-91 


0-20 


155 


0-14 


247 


0-03 


886 


10. 
11. 


21 27 
9 48 


17-57 


8-37 


0-21 


144 


0-11 


266 


0-02 


310 


11. 
18. 


28 19 
10 54 


17-83 


1-62 


0-19 


154 


0-18 


257 


0-08 


39 


13. 
13. 
14. 
14. 
IS. 
IB. 
16. 


1 
12 55 

1 49 

14 35 

3 31 

15 55 

4 28 


17-68 
17-39 
17-83 
17-21 


1-27 
1-00 
1-06 
1-30 


0-11 
0-07 
0-10 
0-06 


319 
239 
344 

261 


006 
004 
001 
0-06 


302 

7 

83 

330 


0-04 
003 

0-04 
0-03 


163 
208 

181 
215 


16. 
17. 


16 sol 
S 15 


17-68 


1-46 


0-06 


77 


009 


300 


0-03 


239 


17. 
18. 


17 33 
5 49 


17-62 


1-67 


0-08 


67 


0-09 


893 


004 


56 


18. 
19. 


18 2 
6 19 


17-88 


«H)3 


0-04 


173 


0-11 


277 


003 


187 


19. 
80. 


18 13 
6 25 


18-16 


8-16 


0-09 


185 


0-18 


836 


0-06 


305 


SO. 
81. 


18 45 
7 


17-60 


«-88 


0-04 


140 


0-12 


351 


0-04 


199 


SI. 
88. 


19 17 
7 32 


17-36 


2-42 


0*06 


129 


0-U 


286 


0-02 


315 


28. 
83. 


19 431 

7 57 


17-89 


8-29 


0-04 


288 


0-tl 


262 


0-03 


225 



ft MR. AIBT ON TBE I*iVft Of TBE TIDES 

Height of the Water ta eKh indrndual tide at Carrowkeel, exclu^ng dinmal tid^ 



Analyicd tin 


.e of Wgh- 


















^itM.conwiiondinsW 


A, 


c,. 


Ci- 




Cj. 


f>- 


c. 


e.- 


P-sr. 


















1842. 


h m 


ft. 


&. 


ft. 




ft. 




ft. 




June22L 


19 42 
7B8 


lft-10 


3>11 


0-13 


»4 


0-05 


146 


0-06 


349 


34. 


20 29 
8 42 


18-69 


»->0 


0-03 


S3 


*^ 


210 


0-05 


206 


S4. 
S5. 


21 7 
g 22 


18-58 


i-9s 


«3 


276 


0-06 


223 


0-01 


314 


25. 
26. 


21 29 
9 46 


18-26 


270 


»08 


97 


K>i 


182 


0-02 


37 


26. 
27- 


21 SO 
10 23 


17-82 


9-42 


MS 


1A2 


8-07 


169 


0-08 


247 


27. 
£8. 


2S 42 

10 47, 

a 3 


17-90 


2-15 


0-18 


208 


0-07 


198 


0-03 


305 


26. 


17-92 


t-02 


•■10 


28 


0-09 


157 


0-OS 


192 


29. 


11 34 


















30. 


• 4 


17-98 


I-«0 


••IS 


£ 


0-06 


161 


0-01 


67 


30. 


12 36 


















July 1. 


1 8 


18-34 


l-»9 

.... 


0-21 


ftS 


0-63 


188 


0-03 


269 


3. 


'4" 4 


'18-35 


i-58 


Ml 


'in 


frl2 


»2l' 


(h04 


"33 


3. 
4. 


16 13 
4 49 


18-58 


1-61 


M7 


311 


0-lS 


820 


0-08 


45 


4. 
5. 


17 14 

5 29, 


18-54 


«-15 


0-09 


207 


0-12 


194 


0-03 


157 


5. 
6. 


17 45 
6 22 


17-75 


SM 


0-07 


225 


0-11 


169 


0-03 


346 


6. 
7- 


16 45 

6 58 


18-41 


H9 


MO 


269 


0-12 


222 


Mi 


49 


7. 

a. 


19 28 
7 53 


18-61 


S'U 


O-IO 


13 


0-14 


235 


0-06 


346 


8. 
9. 


20 5 
8 29 


18-52 


MO 


0-09 


179 


0-03 


196 


0-02 


341 


9- 


20 S4 


18-36 


3-80 


0-12 


252 


009 


198 


0-06 


97 


10. 


9 23 


















10. 


21 £2 


18-48 


3-80 


0-25 


248 


0-11 


209 


0-06 


218 


11. 


10 13 


















)1. 


22 34 


17-91 


S-fiS 


0-16 


234 


006 


171 


0-09 


60 


12. 


10 57 


















12. 


23 20 


18-02 


3-95 


0-19 


270 


0-07 


279 


0-03 


172 


13. 


11 47 


















14. 


14 


17-46 


t-69 


0-23 


290 


0-04 


- 290 


0-09 


123 


14. 


12 45 


















IS. 


1 15 


17-41 


Ml 


0-17 


283 


0-03 


116 


0-06 


86 


15. 


13 50 


















16. 


S 25 


17-99 


1-SS 


0119 


291 


0-03 


343 


0-06 


145 


16. 


15 S 


















17. 


8 45 


18-46 


1-52 


008 


113 


0-05 


323 


0-03 


281 


17. 
IS. 


16 22 1 
5 5 


18-40 


<'06 


0-13 


189 


0-06 


193 


0-05 


178 


18. 
19. 


17 32 
6 12 


18-24 


S-83 


0-12 


278 


005 


239 


0-05 


312 


19. 
20. 


18 25 
6 49 


16-14 


£■38 


0-08 


101 


0-10 


228 


0-10 


9 


20. 
21. 


19 7 
7 24 


18-01 


MO 


0-08 


169 


0-11 


183 


0-06 


74 


21. 
29. 


19 35 

7 52, 


I7-9S 


8-97 


007 


349 


0-17 


200 


0-00 


115 


£2. 
S3. 


20 14 
8 2S 


17-98 


309 


0-03 


217 


0-12 


203 


0-05 


388 



ON TBE COAerS O* IltCLAIID. n 

expressed bytlieformnlaA,+C,8inp+Cj«iii(ai>+Cj)+Cj«in(»;>-H;3)+C,«ii(4y4*,). 



Analysed li 


ne ofliiBh 




















ponding w 


A„. 


C|. 


C,. 


C;. 


c,. 




c,. 




P'W. 
















'' 


1842. 


h m 


ft. 


ft. 


ft. 




ft. 




ft. 




July S3. 
24. 


20 46 
S 58 


17-92 


2-95 


0-04 


231 


0-17 


197 


0-03 


330 


S4. 
S5. 


21 8 
9 25 


17-96 


2-88 


0-07 


101 


013 


197 


0-01 


5 


26. 


2) 43 


17-79 


2-82 


0-02 


342 


0-10 


166 


003 


75 


26. 


9 66 


















26. 


«2 9 


17-55 


2-62 


0-15 


316 


0-08 


181 


0-00 


218 


27. 


10 28 


















27. 


22 47 


17-60 


2-84 


0-07 


266 


0-09 


sot 


0-02 


255 


28. 


11 4 


















28. 


28 SI 


17-S6 


1*93 


0-08 


a»7 


4-«8 


«1 


0-81 


«S 


29. 


11 44 


















3D. 


• 6 


17-50 


1-62 


4-15 


■9 


♦-14 


169 


4J-04 


179 


30. 


12 48 


















31. 


1 17 


17-69 


1-80 


«-so 


90 


-0-08 


187 


0-15 


197 


31. 


14 IS 


















Anput 1. 


S 13 


17-97 


1*42 


fr33 


!t9 


•^3 


fS2 


•<3 


CS3 


1. 
2. 


Ifi 30 

3 56 


17-98 


1-67 


'MS 


M7 


•13 


U6 


«-os 


90 


S. 
3. 


16 30 

6 6 


17-79 


1-92 


«9 


«18 


•-•6 


IC3 


♦03 


289 


3- 

4. 


17 391 

6 Sj 


18-33 


*52 


M* 


CSS 


M3 


IBS 


8-84 


9 


4- 

5. 


18 43 

7 3/ 


18-39 


1I-87 


»-14 


M2 


■MS 


-M2 


0-83 


36 


S. 
6- 


19 151 
7 36 


1«-43 


8-S7 


*12 


187 


♦11 


«8 


o-«s 


104 


6. 

7- 


39 53 
8 8 


18-59 


4-04 


e-10 


vts 


♦ IS 


ftS 


J>-84 


131 


7- 
8- 


W391 
9 4 


18-60 


4-21 


•-13 


144 


♦17 


-s«i 


♦11 


337 


8. 


2J 33 


J«-43 


4-16 


'«-£2 


224 


4-22 


202 


«-84 


343 


9- 


9 55 


















9- 


£S J7 


18-23 


340 


*J6 


JM8 


• 19 


827 


«-is 


211 


10. 


10 35 


















10. 


«2 52 


17-79 


a-s2 


fl-10 


«i7 


••17 


215 


<0-«8 


356 


11. 


11 IS 


















11- 


S3 44 


17-76 


245 


■MS 


JB71 


0-07 


193 


«-«7 


155 


12. 


12 7 


















13. 


S9 


17*63 


1-95 


•■13 


■MB 


••04 


201 


«-8< 


131 


13. 


13 IS 


















14. 


C 1 


17-53 


1-54 


♦05 


«5 


♦•3 


285 


0-92 


143 


14. 


14 50 


















IS. 


S 38 


17-60 


1-63 


1M0 


146 


M3 


Itl 


♦03 


155 


15. 
16. 


16 26' 
S 3 


17-77 


1-78 


«-12 


JA6 


♦11 


826 


A-83 


213 


16. 
17. 


17 281 
5 53 


18-09 


2i)8 


^5 


US 


♦05 


285 


O-Ol 


341 


17- 
18. 


18 13 

6 29 


18-07 


2-40 


•K>B 


1«8 


♦09 


183 


0-85 


216 


18. 
19. 


18 .52 
7 9 


18-24 


V7i 


••02 


«4 


0*15 


CS8 


.D44 


189 


19. 
20. 


19a4l 
7 26 


l«-33 


a-og 


0H)9 


9«1 


♦14 


803 


ja-07 


70 


20. 

21. 


IS 50 

8 5 


17-93 


S.«8 


•-02 


981 


••It 


IBS 


D«5 


345 


21. 
«2. 


20 19 
8 34 


17-66 


s-is 


0-05 


<7 


♦16 


176 


IKI5 


99 


22. 


20 40 


18-10 


8-10 


«-09 


149 


i)-24 


178 


0«4 


110 





79 MR. AIRY ON THE LAVS OF THE TIDES 

Height of the Water in each individual tide at Ballycastle, excluding diurnal tide. 



ADtlyKd time of high 
Kiter, correiponding w 



July 



I. 


3 56 


I. 


16 3 


a. 


4 21 


2. 


16 55 


3. 


S 25 


■t. 


17 56 


4. 


6 17 


4. 


IB 15 


ft. 


6 84 


a. 


18 39 


K. 


ti ,M 


fi. 


19 4 


7. 


6 49 


7- 


19 13 


H. 


7 22 


ft. 


19 33 


*t. 


7 47 


». 


20 16 


0. 


8 34 


0. 


20 45 


1. 


9 10 


1. 


21 28 


i. 


9 52 


2. 


23 14 


3. 


11 43 



9 
12 41 

1 13 
14 14 

3 IS 

16 10\ 

4 58/ 

17 231 

5 48/ 

18 351 

6 42/ 

18 551 

6 56/ 

19 61 

7 13/ 
19 36 1 

7 50/ 



17-57 
17-29 



17-B9 
17-66 



17-45 
17-81 



0-95 
0-62 
0-64 
0-69 
0-78 
0-94 
0-94 
0*96 



1'62 

1-57 



1-4S 
1-32 



0-70 
l-OS 
1-08 
M6 
1-13 
M8 
1-27 
1-29 



0-18 
0-15 
0-09 
0-17 
0-12 
0*13 
0-11 
0-13 
0-26 
1M)6 
0-06 
0-09 
0-05 
0-12 
0-29 

0*27 
0-23 
0-03 
0*06 

0-10 
«*I2 

0-12 
0-10 
0-07 
0-10 



0-08 
0-09 
0-04 
0-00 
0-05 
0-06 
0-02 
0-06 
0-06 
0-08 
0-15 
0-11 
0-14 
0-14 
0-11 
0*09 
0-19 
0-11 
0-03 
0-04 

0-03 

0-06 
0-08 
0-10 
0*06 
0-12 



284 
157 



183 
802 



252 
272 



0-04 
0-D4 
0-02 
0-05 
0-04 

0-00 
0-02 
0-05 
0-01 
0-06 
0-06 
0-03 
0-04 



0-OS 

0-n 



O-Ofi 
0-07 
0-03 
0-05 
0-11 
0-06 
0-01 
0-02 



272 
326 



ON THE COASTS OP IRELAND. 77 

expressed by the formnlaA,+C,8inp+C28in(2p+C2)+C38in(3p+C3)+C4 8io(4/)+C4). 



AiMlrsed time ofhigh 
w..«r.cofr«pondirgt. 


A.. 


c,. 


Cj. 


'j- 


Cj- 


'>■ 


C,. 


e.. 


1842. 
July 23. 
24. 


h ID 
20 28 
8 38 


ft. 

17-29 


ft. 

1-24 


ft. 
0-06 


2 


ft. 

0-12 


300 


ft. 
0-04 


234 


24. 

25. 


20 49 
9 9 


17-25 


1-20 


0-13 


339 


0-14 


293 


0-04 


213 


25. 
26. 
26. 
27- 
27. 
2S. 
29. 
29. 
30. 


SI 46 
10 3 

22 19 
10 fiO 

23 21 
n 51 

21 
13 10 
2 


ifn 

16-98 
17-23 
17-06 
17-17 


0-97 
0-83 

0-70 
0-56 
0-63 


0-13 
0-13 
0-08 
0-10 
0-12 


329 
342 
10 
303 
113 


0-09 
0-12 
0-10 
0*04 
0-0* 


314 
319 
341 
350 
171 


0-03 
0-00 
O-02 
O'Ol 
0-03 


182 
250 
240 
242 
343 


30. 
31. 


14 371 

3 n 


IMl 


0-78 


0-13 


192 


0-07 


163 


O'Ol 


109 


31. 

August 1. 


15 24 
4 12 


17'07 


0-92 


0-19 


263 


0-05 


214 


0-03 


63 


1. 
2. 


17 1 
S 5 


17-49 


0-91 


0-22 


317 


0-06 


281 


000 


273 


2. 
3. 


17 57 

6 19 


17-31 


0-97 


0-09 


17 


0-04 


2 


0-02 


91 


3. 
4. 


18 28 
6 29 


17-78 


1-06 


0-11 


339 


0-07 


293 


0-07 


270 


4. 
5. 


18 18 
G 31 


18-06 


1-36 


0-15 


315 


0-08 


199 


0-08 


227 


5. 
6. 


16 49 

7 6 


17-87 


1-65 


0-09 


280 


0-13 


288 


0-05 


242 


6. 

7. 


19 16 
7 30 


18-11 


1-87 


0-08 


274 


0-17 


233 


0-08 


189 


7. 

8. 


19 42 
7 58 


17-83 


2-09 


0*12 


240 


0-15 


244 


0-04 


202 


8. 

9. 

9. 
10. 
10. 
11. 
11. 
12. 
13. 


20 26 
8 47 


17-88 


1-89 


0-10 


2B2 


O-IO 


849 


0-04 


200 


21 48 

10 5 

22 22 

11 9 
33 55 

12 41 
1 26 


17-58 
17-34 
17-51 
17-59 


1-70 
1-26 
0-86 
0-68 


0-30 
0-24 
0-21 
0-18 


301 

303 
316 
IS 


016 

0-18 
0-13 
0-07 


319 
297 
354 
44 


0-09 
0-02 
0-05 
0-02 


239 

23 

151 




13. 
14. 


14 401 
4 8 


17-54 


0-77 


0-15 


96 


0-05 


SS 


009 


322 


14. 
15. 


16 7 
4 45 


17-28 


0-97 


0-07 


315 


0-04 


811 


0*03 


106 


Ifi. 
16. 


17 20 
5 46 


1M6 


0-98 


O'll 


28 


0-04 


296 


0-06 


323 


16. 
17- 


17 46 
6 


17-62 


1-08 


0-08 


15 


0-04 


310 


0-01 


291 


17- 
18. 


18 29 
6 37 


17-50 


1-12 


0-05 


358 


0-05 


347 


0-03 


273 


18. 
19- 


18 55 
6 55 


17-77 


1-26 


0-05 


344 


0-10 


304 


0*01 


176 


19. 
20. 


19 9 

7 6 


17-98 


1-27 


0-09 


842 


0-09 


293 


0-03 


338 


20. 
21. 


19 32 

7 48 
SO 20 

8 31 

20 42 


17-38 


1-34 


0*13 


337 


0-14 


288 


0-04 


230 


21. 
22. 
22. 


17-05 
17-57 


1-87 
1-21 


0-13 

0-23 


316 
316 


0-09 
0-11 


286 
273 


0-04 
002 


230 
137 





78 MR. AIRT ON TKR LAVS OF THE TIDES 

H«ight of tbe Water in each mdtridtBiI tide at Gteowm, exclading dinrnal tide. 



AnalvMd tin 


c «f high 




















po»*ng to 


K 


c,. 


C(. 


c,. 


C,. 


'I- 


Cr 


Cf 


p-DO^. 


















1842. 


li m 


ft. 
18-64 


A. 
2-75 


ft. 

0-06 


"74 


ft. 

o'os 


S05 


ft. 
4)«4 


318 


Jttne'ai. 


"m 50 


24. 


12 5 


















zi. 


• 80 


18-63 


«-72 


0M)8 


114 


•«8 


ess 


€-01 


346 


28. 


18 38 


















36. 


• 56 


18-lS 


8-72 


<M>5 


42 


<H)8 


«S7 


0-W 


41 


26. 


13 20 


















87. 


1 44 


17-49 


Ml 


0-08 


96 


W7 


260 


0-«l 


235 


27. 


14 5 


















S8. 


fi 26 


17-87 


HI 


♦•12 


ISl 


*«3 


261 


M3 


344 


28. 


14 50 


















29. 


8 13 


17-58 


t-S5 


0-14 


171 


«I9 


256 


0«3 


856 


29. 
30. 


is .271 
3 51 


»7-38 


«2 


1H)4 


241 


W9 


SSO 


0-04 


355 


30. 

July 1. 


16 22 
4 47 


17-55 


9-SO 


M7 


«0 


••2 


C65 


0-04 


It 


S. 


17 
5 23 


17-59 


*I9 


0-18 


SK 


••14 


S43 


0-06 


144 


2. 
S. 


18 91 

6 43 


17-71 


«0 


«-13 


18 


••5 


249 


D-03 


189 


S. 
4. 


19 15 

7 43 J 


18-47 


1«8 


•■IS 


«9 


••08 


£41 


O-Ol 


146 


4. 


20 10 
8 43 


16-31 


C-42 


frl9 


87 


frOS 


<94 


D45 


360 


6. 


81 91 
9 35 


17-34 


S«5 


••18 


72 


•46 


1S6 


0*04 


382 


6. 


82 3 


17-78 


2*4 


«-J2 


76 


0-08 


515 


042 


50 


7- 


10 19 


















7. 


22 36 


17-99 


2-88 


«-15 


.54 


O-06 


SOO 


<«3 


219 


8. 


10 59 


















8. 


23 23 


17-93 


E-87 


4)-22 


75 


0-07 


SS4 


<WI3 


306 


9- 


11 46 


















)0. 


« 9 


18-11 


«^6 


♦•24 


■76 


MS 


£43 


OIK 


260 


10. 


12 32 


















11. 


• 54 


18-30 


S-18 


9^7 


fil 


«^1 


CS4 


■0-BJ 


SI5 


11. 


13 19 


















12. 


1 43 


17-87 


8-03 


0-26 


ei 


••10 


SS9 


.o« 


314 


12. 


14 9 


















IS. 


3 35 


18-13 


■*-85 


0-28 


€8 


•^17 


196 


0-02 


SSO 


13. 
14. 


14 52 

3 171 


17-62 


SH)0 


41-33 


65 


fr05 


139 


0^>3 


328 


14. 
15. 


15 57 
4 25 


17-13 


*82 


•■10 


140 


*03 


S42 


0-03 


351 


15. 


16 68 
5 32 


17-47 


»«2 


4)-05 


«57 


0^06 


943 


0-03 


76 


16. 
17. 


18 

6 27 


17-81 


t'S8 


0-03 


•J09 


•■i)3 


U9 


0«3 


868 


17. 
18. 


19 19 
8 3 


17-64 


fr40 


<0-15 


18 


•45 


922 


0^)3 


146 


IB. 
19. 


SO 26 
8 52 


17-60 


S-S8 


•■li 


74 


fr03 


S71 


OiJ3 


252 


19. 

20. 


81 6 
9 36 


17-45 


9-57 


0-09 


IS 


M7 


SS4 


043 


93 


SO. 


85 16 


17-30 


5-62 


0-10 


343 


0-01 


179 


041 


71 


21. 


10 32 


















81. 


«e 49 


17-S8 


*-70 


'•■08 


38 


*-Di 


S43 


043 


75 i 


82. 


11 6 


















SS. 


tS S3 


17-86 


$-73 


*07 


31 


••04 


SS4 


042 


33 


23. 


11 41 



















OS. THB COASTS OP IRELAND. 79 

espressed by the fonnala Ao+CiSinp+C,«o(3p+c,)+C3UD(3p+C3)+C46m(4/i+C4l. 



Ajiilj-Bcd time of high 




















■1, 


c,- 


c=. 


«*■ 


c,- 


f.- 


c. 


f*. 


y^W. 


















1842. h m 


ft. 


ft. 


ft. 




ft. 




ft. 




Jnly 24. • 


17-28 


2-78 


0-06 


61 


9*5 


868* 


0-93 


171 


24. 12 17 


















25. • 34 


1^34 


«9 


0-12 


80 


**6 


938 


0-91 





25. 12 54 


















2$. I 15 


17-35 


S46 


9-17 


118 


►97 


8(7 


0-93 


37 


26. 13 32 


















27. 1 49 


17-16 


8« 


9-18 


187 


9H7 


843 


0-94 


10 


27. 14 4 


















28. 8 19 


17-33 


8-55 


9-96 


MS 


9-96 


894 


0-90 


350 


29. 14 45 


















23. S 10 


16-97 


8-84 


9-16 


131 


9-98 


879 


0-91 


110 


29. 15 261 

30. 3 46 


17-07 


2-30 


0-15 


212 


0-04 


189 


0-03 


.65 


30. 15 56 

31. 4 29 


17-34 


8-95 


9-12 


810 


914 


871 


0-03 


101 


31. 17 15 
August 1. a 54 


17-48 


9-14 


9-13 


334 


9-95 


240 


0-03 


110 


1. IS 32 

2. 7 4 


18-04 


8-10 


9-16 


87 


0-04 


276 


0-98 


193 


2. 19 42' 

3. 8 21 


17-86 


8-31 


9-80 


77 


9-91 


347 


0-93 


311 


3. 20 54' 

4. 9 14 
4, 21 37 


18-09 


8<3 


0-18 


86 


946 


876 


0-08 


290 


18-34 


2-72 


0-13 


50 


0-07 


178 


0-91 


288 


5. 9 56 


















5. 22 15 


. 18-10 


2-93 


0-17 


74 


0-09 


211 


9-91 


189 


& 10 35 


















R 28 65 


18-32 


S-14 


0-20 


61 


US 


811 


0-99 


206 


7. 11 15 


















7. 28 35 


18-17 


9-80 


9-29 


63 


9-13 


995 


0-94 


271 


8. 12 


















9. • 85 


18-19 


3-12 


9-33 


74 


OMB 


886 


0-93 


321 


9. 12 51 


















10. 1 17 


18-26 


3-16 


9-30 


J5 


0-99 


«1 


0-01 


1 


10. 13 44 


















11. 8 12 


18-07 


»94 


9-30 


196 


0-13 


830 


0-03 


232 


11. 14 36 

12. 2 58 


18-06 


3-10 


0-13 


136 


0-07 


866 


0-02 


72 


12. 16 24 

13. 3 64 


17-89 


2-73 


0-13 


216 


0-11 


238 


0'92 


83 


13. 16 32 

14. 5 7 


17-64 


8-55 


9-03 


214 


0-04 


887 


0-92 


106 


14. 17 40 

15. 6 25 


17-45 


8-J2 


9-06 


389 


0<2 


307 


0-01 


97 


15. 19 6 

16. 7 43 


17-36 


8-92 


0-09 


89 


9-94 


808 


0-02 


88 


16. 20 10 

17. 8 40 


17-74 


8-32 


9-97 


64 


0-92 


181 


0-94 


169 


17- 81 16 


17-71 


8-41 


0-12 


24 


0-01 


893 


0-92 


356 


18. 9 34 


















18. 21 51 


17-95 


2-68 


0-09 


16 


0-09 


205 


044 


48 


19. 10 12 


















19. 28 38 


18-20 


8-58 


0-10 


62 


9«5 


198 


0-03 


96 


80. 10 48 


















20. 83 4 


17-69 


8-70 


0-09 


116 


947 


827 


041 


247 


81. 11 19 


















81. 83 33 


17-25 


8-70 


0-08 


78 


044 


232 


048 


43 


88. 11 49 


















23. 4 


17-76 


8-72 


9-13 


109 


0-04 


174 


O-d? 


294 





80 MB. AiaY ON THE LAWS OF THE TIDES 

Height of the Water in each individual tide at Donagbadee, excluding diurnal tide^ 



AiuJjsedtiii 


e of hiicli 


















«.«r:corTe^-dii.g-.o 


V 


C,. 


c 


Cr 


c,. 


^i- 


C,. 


'<■ 


p^sr 


















m2. 


1. m 


ft. 


ft. 


ft. 




n. 




ft. 




JuDe 22. 


23 23 


18-22 


4-78 


0-14 


78 


0-07 


161 


0-01 


881 


23. 


11 45 


















S4. 


7 


18-70 


4-90 


0-06 


385 


003 


881 


0-08 


61 


24. 


12 85 


















25. 


43 


18-78 


4-86 


0-06 


16 


0-06 


S4S 


0-03 


303 


85. 


13 2 


















26. 


1 21 


18-34 


4-76 


0-06 


am 


0-09 


840 


inn 


31 


26. 


13 42 


















27. 


2 8 


17-56 


4-51 


0-09 


846 


004 


851 


006 


65 


87. 


14 20 


















2a. 


2 37 


16-01 


4-29 


0-01 


860 


0-04 


811 


0-03 


388 


88. 


14 59 


















29. 


3 20 


17-81 


3-97 


0-08 


800 


0-04 


808 


0-06 


31 


89. 
30. 


15 40 
4 4 


17-69 


3-77 


0-04 


SS8 


0-06 


241 


0-03 


94 


30. 
July 1. 


16 85 
4 50 


17-85 


3-56 


0-08 


864 


0-03 


201 


0-01 


818 


1. 
S. 


17 25 
5 48 


17-93 


3-30 


0-07 


308 


005 


222 


001 


251 


2. 
3. 


18 22 
6 55 


18-00 


3-36 


0-09 


12 


0-04 


815 


0-01 


240 


3. 
4. 


19 31 

7 58/ 


18-70 


3-58 


0-10 


6 


0-04 


863 


0-03 


349 


4. 

S. 


20 35 
8 58 


18-46 


3-90 


0-12 


84 


0-05 


277 


0-03 


858 


5. 
6. 


£1 S3 
9 49 


17-58 


4-40 


0-15 


48 


0-07 


869 


0-04 


186 


6. 


22 13 


18-01 


4-61 


0-09 


60 


0-01 


53 


0-05 


908 


7- 


10 38 


















7- 


22 52 


18-21 


5-12 


0-08 


40 


0-04 


172 


0-02 


297 


8. 


11 14 


















8. 


23 35 


18-00 


6-36 


0-07 


66 


0-04 


168 


0-04 


43 


9- 


11 59 


















10. 


32 


18-18 


5-54 


0-05 


101 


0-10 


812 


0-03 


271 


10. 


12 45 


















11. 


1 7 


18-37 


5-7 1 


0-1 1 


17 


0'06 


199 


0-06 


847 


11. 


13 31 


















18. 


1 55 


17-93 


S-49 


0-15 


66 


0-OS 


193 


0-06 


331 


12. 


14 21 


















13. 


3 47 


18-16 


5-22 


o-og 


34 


0-07 


175 


0-03 


317 


13. 
14. 


IB 13 
3 38 


17-59 


8-06 


00? 


182 


0-05 


236 


0-04 


57 


14. 
15. 


16 7 
4 35 


17-28 


4-60 


0-06 


804 


0-03 


216 


0-02 


9 


15. 
16. 


17 10 
5 44 


17-69 


4-15 


0-07 


890 


0*05 


841 


0-02 


49 


16. 
17. 


18 31 
6 48 


17-96 


3-68 


0-11 


337 


Oil 


830 


0-06 


56 


17. 
18. 


19 29 
8 13 


17-93 


3-85 


oil 


13 


0-02 


318 


0-03 


19a 


18. 
19. 


20 39 
9 5 


17-74 


4-01 


0-08 


71 


0-01 


257 


0-01 


236 


19. 


SI 35^ 


17-66 


4-30 


0-07 


333 


0-01 


41 


0-03 


11 


20. 


9 59 


















20. 


82 23 


17-64 


4-53 


0-07 


334 


«'01 


850 


0-04 


41 


21. 


10 43 


















21. 


23 1 


17-58 


4-80 


0-04 


388 


0*01 


138 


0-02 


169 


22. 


11 19 


















28. 


88 37 


17-50 


4-90 


0-07 


388 


003 


183 


0-00 


31 


83. 


11 55 



















ON THE COASTS OF IRELAND. 81 

expressed by the formula Afi+Cisinp+C.,sin{2p+C2)+C-iS\n{3p-^c.j)+CiS\n(4p+Ct). 



Aimljseatir 


e oniigli 


















"'"''"T^O". 


nocdingtO 


K 


c,. 


C- 




Cy 


'a- 


C.. 






















1S43. 


h m 


ft. 


ft. 


ft. 




ft. 




ft. 




July 34. 


12 


17-54 


4-91 


0-03 


11 


0-03 


163° 


0-03 


13^ 


34. 


12 29 


















25. 


46 


17-55 


4-97 


003 


104 


0-05 


140 


0-01 


151 


23. 


13 2 


















26. 


1 18 


17-57 


4-71 


0-06 


110 


0-01 


214 


0-03 


61 


26. 


13 86 


















27. 


1 54 


17-43 


4-&6 


0-08 


157 


0-03 


318 


0-04 


314 


27. 


14 12 


















28. 


2 31 


17-58 


4-31 


0-08 


118 


0-02 


212 


0-02 


74 


28. 
29. 


14 49 
3 9 


17-28 


4-08 


0-09 


306 


0-08 


233 


0-05 


71 


29- 
30. 


15 86 
3 46 


17-39 


3-72 


0-08 


251 


0-08 


346 


0-04 


112 


30. 
31. 


l6 18 
4 51 


17-39 


3-40 


0-09 


261 


0-04 


351 


0-01 


111 


31. 
August 1. 


17 22 
6 1 


17-55 


3-24 


0-11 


314 


0-02 


179 


0-03 


124 


1. 
2. 


18 45 
7 17 


17-97 


3-26 


0-12 


9 


0-03 


211 


0-03 


147 


2. 
3. 


19 58 
8 37 


17-78 


3-69 


0-12 


6ft 


0-08 


69 


0-08 


325 


3. 


21 8 


17-98 


4-11 


0-03 


122 


0-04 


164 


0-00 


179 


4. 


9 37 


















4. 


22 7 


18-24 


4-81 


0-06 


C 


0-04 


158 


0-01 


117 


5. 


10 23 


















5. 


22 39 


17-99 


5-28 


0-09 


99 


0-02 


162 


0-07 


321 


6. 


11 


















6. 


23 23 


18-18 


5-72 


0-13 


53 


0-05 


174 


0-02 


104 


7. 


11 44 


















8. 


5 


17-88 


3-98 


0-10 


68 


0-06 


152 


0-05 


319 


8. 


12 39 


















9. 


52 


18-03 


6-01 


0-15 


67 


0-07 


174 


0-05 


3 


9. 


13 14 


















10. 


1 36 


18-03 


5-89 


0-11 


51 


0-Ofi 


166 


0-01 


135 


10. 


14 1 


















11. 


2 25 


17-93 


fi-46 


0-14 


92 


0-05 


196 


0-06 


9 


11. 
12. 


14 47 
3 9 


17-93 


5-SO 


0-n 


221 


0-03 


237 


0-03 


28 


IS. 
1.-1. 


15 40 

4 9 


17-76 


4-50 


0-16 


224 


0-03 


223 


0-02 


82 


13. 
14. 


|6 48 

5 17 


17-50 


3-92 


0-06 


234 


0-03 


232 


0-03 


108 


14. 
15. 


18 
6 45 


17-46 


3-45 


0-09 


277 


0-01 


99 


0-02 


41 


15. 
16. 


19 i2 
7 59 


17-35 


3-42 


0-05 


6 


0-03 


386 


0-03 


192 


16. 
17. 


80 33 
9 3J 

21 29 


17-81 


3-77 


0-06 


4 


0-04 


218 


0-01 


138 


17. 


17-74 


4-02 


0-06 


347 


003 


164 


0-01 


43 


18. 


9 31 


















IS. 


22 12 


17-98 


4-51 


0-07 


344 


0-06 


168 


0-05 


71 


19. 


10 31 


















19. 


28 49 


18-12 


4-54 


0-09 


25 


0-09 


81 


0-06 


36 


20. 


11 5 


















20. 


23 21 


17-65 


4-90 


0-01 


141 


0-05 


802 


0-03 


341 


21. 


11 37 


















21. 


23 52 


17-25 


4-95 


0-04 


30 


0-06 


179 


0-04 


182 


22. 


12 6 


















23. 


20 


17-73 


5-02 


0-06 


129 


0H)7 


164 


0-04 


164 





88 MIt. AIRY ON THE LAWS OP THE TIDES 

Height of the Water in each individual tide at Ardglass, excluding diurnal tide, 



AMl,»rf»in 


c of high 


















wMCT, corrcspondinB to 


Ap 


f)- 


*^r 


*■? 


Cj- 


'i- 


C,. 




P-90\ 


















18)2. 


b m 


ft. 


ft. 


ft. 




ft. 




ft. 




June St. 


23 30 


18-35 


6-80 


0-20 


87 


0-12 


175 


044 


Sll 


23. 


11 45 


















24. 





18-60 


645 


8-17 


73 


IMS 


esi 


0-09 


188 


Ve".' 


"i i's 


i8'20 


e-'ii 


0-15 


110 


ims 


216 


oi)3 


'I'oV 


£6. 


13 34 


















27. 


1 55 


17-62 


6-76 


0-10 


96 


0-07 


146 


0-04 


28 


27. 


14 14 


















28. 


S 33 


17-83 


5-40 


O-IO 


99 


0-06 


188 


002 


61 


28. 


14 54 


















29. 


3 15 
15 36 

4 


17-76 


4-99 


0-14 


125 


0-05 


170 


0-01 


312 


89. 
30. 


17-59 


4-71 


0-09 


131 


O-Il 


217 


0-02 


176 


30. 

July 1. 


16 26' 
4 51 


17-71 


4-»8 


0-09 


17.1 


0-06 


196 


0-02 


195 


1. 
2. 


17 22 
S 45 


17-77 


4-02 


0-06 


283 


0H>7 


238 


001 


267 


2. 
3. 


18 22 
6 55 


17-81 


4-06 


0-01 


42 


•^l4 


240 


0-02 


224 


3. 
4. 


19 3.1 

8 


18-49 


4-33 


0-07 


345 


0-10 


S44 


0-02 


43 


4. 

5. 


B« 27" 

9 


18-33 


4-81 


0-24 


71 


0-15 


301 


0-14 


176 


S. 
6. 


SI 22 

9 48J 


17-41 
18-23 


5-60 
&68 


O-IS 
il'-12 


77 
138 


0-06 

frll 


222 
5 


0-OS 


146 . 
'190 




"7." 


22 56 


8. 


11 16 


















8. 


23 35 


17-76 


7K)8 


0-19 


90 


<H)5 


47 


o-oo 


208 


9. 


11 56 


















10. 


17 


17-90 


7-24 


0-18 


93 


0-09 


157 


1HS9 


35 


IC. 


12 41 


















11. 


1 5 


18-29 


7-62 


0-15 


64 


0-16 


196 


0-16 


145 


11. 


13 30 


















le. 


1 54 


17-75 


7'30 


0-22 


100 


0-01 


lOG 


0-01 


270 


18. 


14 18 


















13. 


2 43 


17-87 


G-7a 


0-15 


69 


0-08 


137 


«-05 


109 


13. 
14. 


15 111 
3 36/ 


17-54 


6-53 


0-16 


116 


0-04 


128 


0-05 


215 


14. 
15. 


16 9 
4 37 


17-34 


fi-Sl 


0-15 


121 


0-OS 


234 


0-03 


254 


15. 
]G. 


17 13 

5 47 J 


17-52 


5-10 


0-05 


138 


0-05 


846 
.... 


008 


81 


"17.* 
IB. 


is' 401 
8 24 


17-77 


4-88 


0-07 


356 


0-08 


250 


0-06 


179 


IB. 
19- 


20 52 

9 18 


17-7* 


5-26 


0-07 


53 


0-04 


332 


0-06 


171 


19. 


21 47 


17-64 


5-50 


0-08 


60 


0-04 


296 


0-06 


124 


20. 


10 11 


















20. 


22 35 


17-60 


5-90 


0-07 


118 


0-08 


189 


0-03 


116 


21. 


10 54 


















21. 


23 12 


17-54 


6-18 


0-n 


89 


0-06 


187 


0-04 


254 


28. 


11 29 


















22. 


23 46 


17-46 


6-39 


0-11 


132 


0-06 


143 


0-01 


112 


23. 


12 3 



















ON THE COASTS OF IRELAND. 83 

expressed by the formula A#4-C,sinp+C28in(2p+C2)+C38in(3p+C3) +04810(471+04). 



Analysed tii 


e of high 




















ponding 10 


V 


C,. 


C-. 


'j- 


C- 


«J- 


C4. 


u- 


;, = 30'. 


















1812. 


h in 


ft. 


ft. 


n. 




ft. 




ft. 




July 24. 


20 


17-48 


6-40 


O-IO 


140° 


0-09 


144 


0-03 


199 


24. 


12 33 


















25. 


55 


17-48 


6-34 


0-lG 


99 


0-03 


174 


0-03 


26 


25. 


13 9 


















26. 


1 24 


17-53 


6-18 


0-15 


118 


0>05 


144 


6-07 


19G 


26. 


13 41 


















27. 


I 58 


17-40 


5-85 


0-21 


118 


0-07 


148 


002 


200 


27. 


14 15 


















28. 


S 33 


17-47 


ft-48 


0-20 


117 


0-03 


123 


0-03 


157 


28. 
29. 


14 531 
3 13 


17-29 


5-07 


0-16 


129 


009 


187 


006 


213 


29. 
30. 


15 3.3 
3 53 


17-35 


4-67 


012 


143 


0-04 


221 


0-03 


155 


30. 
31. 


16 21 
4 54 


17-34 


4-15 


0-12 


156 


0-01 


257 


8-03 


170 


31. 
August 1. 


17 28 
6 7 


17-38 


3-68 


0-07 


198 


0-02 


255 


O-OI 


77 


2. 


18 48 
7 20 


17-71 


3i»e 


0-09 


351 


0-05 


834 


0-03 


143 


2. 
3. 


20 9 
8 41 


17-58 


4-63 


0-09 


63 


0-03 


55 


0-02 


197 


3. 


21 8 


17-85 


5-25 


0-13 


105 


0-04 


168 


0-05 


209 


4. 


9 33 


















4. 


21 55 


18-03 


6-21 


0-12 


137 


0-08 


132 


0-04 


165 


5. 


10 18 


















5. 


22 42 


17-91 


fr99 


0-24 


99 


0-02 


140 


0-06 


146 


6. 


11 1 


















G. 


23 20 


18-05 


7-60 


0-2G 


78 


0-03 


124 


0-09 


127 


7. 


II 42 


















8. 


3 


17-83 


S-U 


0-27 


89 


0-12 


109 


0-04 


327 


8. 


12 25 


















9- 


*7 


17-88 


8-12 


0-25 


95 


0-07 


138 


0-09 


79 


9. 


13 9 


















10. 


1 32 


17-85 


7-80 


0-80 


87 


0-07 


139 


0-88 


57 


10. 


13 56 


















11. 


2 SO 


17-81 


7-13 


0-32 


91 


0-04 


88 


0-03 


68 


11. 
12. 


14 51 
3 13 


17-88 


6-64 


0-18 


133 


0-08 


173 


0-07 


73 


12. 
13. 


15 id 
4 14 


17-70 


5-62 


0-14 


132 


0-06 


193 


0-10 


127 


13. 

14. 


16 SI 
5 26 


17-42 


4-81 


HO 


139 


0-03 


186 


O-OI 


158 


14. 

15. 


6 52 


17-36 


4-88 


0-04 


172 


0-02 


313 


O-OI 


253 


15. 
16. 


19 38 

8 lo 


17-30 


4-29 


0-06 


95 


0-02 


84 


••02 


182 


16. 
17. 


20 46 
9 16 


17-71 


4-75 


0-13 


88 


0«1 


253 


0-04 


135 


17. 


21 40 


17-66 


5-20 


0-08 


140 


0-02 


174 


0-03 


149 


18. 


10 I 


















18. 


22 21 


17-91 


5-80 


0-13 


76 


0-16 


211 


0-10 


99 


19. 


10 36 


















19- 


22 SI 


17-99 


&M 


044 


62 


0-05 


284 


0-03 


93 


20. 


II 5 


















20. 


23 18 


17-57 


6-45 


0-27 


146 


0-10 


236 


0-09 


340 


21. 


11 37 


















21. 


23 S5 


17-15 


6-53 


0-20 


U7 


0« 


166 


0-03 


27 


22. 


12 7 


















23. 


19 


17-62 


6-67 


0-14 


11) 


«^ 


111 


0-06 


210 





84 MH. AIBV ON THE LAWS OF THE TIDES 

Height of the Wuter in each individual tide at Cloghei- Head, excluding diurnal tide. 



Analjiecl tin 


c rf high 




















A„. 


c,. 


Cj. 




fj- 


ff 


c,. 


'.- 


p = W. 


















1812. 


h m 


ft. 

i'7-96 


ft. 

6-22 


n. 

b'-82 


186 


ft. 
0-07 


'l61 


fl. 

0-05 


200 




JaneM. 


6 


84. 


18 24 


















S&. 


42 


17-93 


6-16 


0-23 


113 


0-06 


166 


0-03 


30? 


2h. 


18 69 


















26. 


1 16 


17-48 


5-99 


0-83 


124 


0-04 


308 


0-05 


167 


26. 


13 37 


















37. 


1 57 


17-15 


5-58 


0-87 


116 


0-07 


145 


002 


168 


27. 


14 17 


















38. 


2 36 


17-35 


5-30 


0-16 


119 


0-05 


120 


0-04 


177 


28. 


14 67 


















89. 


3 18 


17-29 


4-79 


0-21 


123 


0-05 


153 


0-03 


233 


89. 
30. 


16 39 
4 3 


17-13 


4-50 


0-19 


137 


0-02 


85 


0-08 


178 


30. 
July 1. 


16 87 

4 53 J 


17-26 


4-18 


0-13 


149 


0-10 


190 


0-03 


116 


J. 

a. 


17 27' 
5 50 


17-21 


3-83 


0*18 


178 


0-10 


281 


0-05 


166 


2. 
3. 


18 89 

7 2, 


17-34 


3-99 


0-08 


175 


0-08 


212 


0-03 


63 


3. 

4. 


19 32 
7 59 


17-88 


4-28 


0-06 


336 


0-10 


827 


0-07 


205 


4. 
5. 


20 31 
9 4 

21 88 


17-53 


4-90 


0-10 


141 


0-06 


52 


0-04 


126 


6. 


17-01 


5-28 


0-20 


117 


0-03 


184 


0-03 


207 


6. 


9 53 


















6. 


88 17 


17-40 


6-0O 


0-21 


113 


0-11 


146 


0-10 


106 


7. 


10 37 


















7- 


22 67 


17-61 


6-61 


0-24 


119 


0-08 


lis 


0-04 


113 


8. 


11 81 


















8. 


83 44 


17-53 


7-11 


0-41 


111 


0-06 


101 


0-05 


325 


9. 


12 7 


















10. 


89 


17-54 


7-36 


0-34 


111 


0-05 


75 


0-02 


85 


10. 


12 64 


















n. 


1 J9 


17-95 


7-50 


0-89 


123 


0-08 


203 


0-10 


253 


11. 


13 43 


















12. 


8 6 


17-89 


7-27 


0-40 


124 


0-06 


202 


0-05 


274 


13. 


14 31 


















13. 


2 55 


17-34 


6-71 


0-35 


103 


0-04 


170 


0-08 


194 


13. 
14. 


15 161 
3 40 


16-73 


6-16 


0-07 


291 


0-23 


124 


0-07 


209 


14. 
15. 


16 34 
4 52 


16-84 


5-68 


0-84 


133 


0-02 


186 


0-04 


254 


16. 
16. 


17 28 

6 2 


17-14 


6-10 


0-14 


113 


009 


226 


0-03 


45 


16. 
17- 


IB 32 
7 


17-10 


4^5 


0-13 


206 


0-14 


804 


0-08 


329 


17. 
18. 


19 44 

8 38 


17-30 


4-60 


0-11 


388 


0-16 


159 


0-n 


336 


18. 
19. 


21 6 
9 33 


17-14 


5-20 


0-11 


195 


0-07 


268 


..07 


187 


19. 


81 59 


17-86 


5-30 


0-1 1 


339 


0-13 


170 


O'lO 


274 


20. 


10 23 


















80. 


28 46 


17-lS 


S-61 


0-18 


121 


0-69 


306 


0-05 


122 


81. 
«1. 


11 3 
83 19 

11 37 
23 64 


17-10 


6.04 


0-82 


125 


0-06 


146 


0-04 


291 


82. 
82. 


17-n 


6-02 


0-19 


76 


0-25 


166 


0-14 


310 


23. 


18 13 



















ON THE COASTS OF IHELANU. 

xpressed by the formula Ao+Cisin7»+C28in(2;t+C2)+C;,; 



85 

sin(3;)+C;,)+C48in(4p+C4). 



An.lysccl li 


ue-ofliiph 




















pondiEiir lo 


K 


Ci- 


C,. 


c,. 


fl- 


'i- 


Cj. 




' p^W'. 


















181Z. 


h m 


ft. 


fl. 


ft. 




ft. 


17^ 


ft. 




July 24. 


32 


16-97 


6-07 


0-04 


17° 


0-28 


0-08 


20° 


24. 


12 SI 


















25. 


1 10 


17-24 


fi-99 


0-25 


107 


0-38 


180 


0-14 


251 


26. 


13 20 


















26. 


1 29 


16-99 


6-05 


0-06 


143 


0-lS 


143 


0-05 


376 


26. 


13 46 


















37. 


2 2 


lG-94 


5-70 


0-36 


121 


0-16 


214 


0-05 


130 


27. 


14 20 


















28. 


2 37 


17-11 


5-24 


0-27 


106 


0-02 


239 


0-06 


228 


28. 
29. 


15 51 
3 25 


17-02 


5-01 


0-28 


9G 


0-16 


162 


0-05 


244 


29. 
30. 


15 45 
4 5 


16-94 


4-60 


0-S7 


150 


0-12 


77 


006 


261 


30. 
31. 


16 41 

5 14 


16-81 


3-96 


0-18 


227 


0-12 


151 


0-10 


238 


31. 
AuiFUSt 1. 


17 381 

6 17 


16-99 


S-68 


0-14 


203 


0-13 


195 


0-05 


280 


1. 


18 59 

7 31/ 


17-29 


3-85 


0-06 


295 


007 


234 


0-03 


193 


2. 
3. 


20 12 
8 51 


17-38 


4-189 


0-12 


128 


0-04 


1G7 


0-01 


174 


3. 
4. 


21 16 
9 35 

22 17 


17-49 


6-S3 


0-08 


125 


0-05 


186 


0-04 


133 


4. 


16-95 


6-06 


0-52 


230 


0-15 


236 


0-08 


106 


5. 


10 33 


















b. 


22 48 


17-44 


6-99 


0-24 


108 


0-08 


70 


0-06 


130 


6. 


n 6 


















6. 


23 24 


17-53 


7-78 


0-30 


102 


0-06 


72 


0-05 


135 


7. 


11 48 


















8. 


IS 


17-lG 


8-03 


0-31 


123 


0-07 


153 


0-10 


178 


8. 


12 35 


















9- 


57 


17-18 


8-10 


0-03 


113 


0-17 


305 


0-10 


345 


9. 


13 16 


















10. 


1 34 


17-37 


7-76 


0-34 


109 


0-11 


85 


0-10 


113 


10. 


14 2 


















11. 


2 30 


17-54 


6-91 


0-63 


87 


0-19 


185 


0-10 


327 


11. 

12. 


14 48" 
3 10 


17-26 


6-39 


0-32 


140 


0-24 


103 


0-09 


186 


12. 
13. 


15 48 
4 16 


17-S7 


6-34 


0-28 


88 


0-19 


148 


O-IO 


339 


13. 
14. 


16 66 

5 31 


17-36 


4-64 


0-57 


103 


0-14 


227 


0-03 


41 


14. 
15. 


18 6 
G 51 


17-16 


3-99 


0-35 


122 


0-14 


135 


0-05 


81 


15. 
16. 


19 46 

8 23 


17-11 


4-21 


0-28 


71 


0-10 


253 


0-05 


27 


16. 
17. 


20 S3 
9 23 


17-48 


466 


0-26 


112 


0-12 


350 


0-06 


11 


17. 


21 60 


17-23 


4-97 


0-19 


142 


0-03 


177 


0-05 


266 


18. 


10 11 


















18. 


22 32 


17-50 


5-70 


0-18 


96 


0-04 


ISl 


0-12 


43 


19- 


10 45 


















19. 


22 57 


17-70 


5-92 


0-43 


100 


0-10 


183 


0-08 


56 


20. 


11 11 


















SO. 


S3 24 


16-85 


6-20 


0-19 


324 


0-19 


178 


0-04 


345 


SI. 


11 42 


















an. 





16-76 


6-87 


0-22 


108 


0-26 


171 


0-07 


296 


S8. 


IS 15 


















23. 


89 


17-16 


6-59 


0-18 


124 


0-09 


3S5 


0-02 


238 





i6 MR. AIRY ON THE LAWS OF THE TIDES 

Height of tlie Water ia each individual tide at KiDgstotrn, excludiDg diurnat tide. 



Ao^neAHa 


eofliigl. 


















WBler, CDrrta 


jondinn lo 


A„. 


c,. 


C,. 


fi- 


C,. 


Cj. 


c<. 


e,. 


p=90°. - 


















1842. 


h m 


ft. 


ft. 


ft. 




ft. 




ft. 




Jane 22. 
S3. 


23 211 
11 52/ 
11 


17-99 


4-91 


0-33 


147 


0-06 


258 


0-06 


165 


24. 


18-14 


4-70 


0-35 


149 


0-03 


39 


O-OI 


31 


84. 


12 28 


















2S. 


43 


18-12 


4-69 


0-31 


147 


e-02 


129 


0-05 


132 


25. 


13 3 


















26. 


1 21 


17-72 


4-56 


0-38 


153 


0-08 


351 


0-03 


72 


26. 


13 43 


















37. 


2 4 


17-35 


4-19 


0-33 


146 


0-02 


253 


0-03 


197 


27. 
28. 


14 28 
2 40 


17-24 


4-14 


0-26 


152 


O-05 


238 


0-02 


33 


28. 
29. 


15 
3 29 


17-42 


3-84 


0-27 


154 


0-04 


153 


0-04 


141 


29. 
30. 


15 50 
4 15 


17-31 


3-48 


0-25 


83 


0-06 


144 


004 


a 


30. 
July 1. 


16 45 
5 10 


17-48 


3-18 


0-23 


178 


0-03 


189 


0-02 


89 


1. 

2. 


17 47 
6 10 


17-50 


2-95 


0-25 


177 


0-ft6 


202 


0-04 


800 


2. 
3. 


18 44 

7 17 


17-60 


3-04 


0-17 


196 


0-«2 


973 


0-00 


264 


3. 
4. 


19 51 
8 18 


18-18 


»ai 


0-18 


195 


0-04 


S16 


041 


40 


4. 

5. 


20 43 
9 16 


17-86 


3-65 


0-16 


182 


O-Ol 


148 


0-03 


184 


5. 
6. 


21 39 

10 5 


17-18 


4-19 


0-25 


171 


0-02 


17 


O-OI 


4 


6. 


22 20 


17-55 


4-66 


0-31 


159 


•-06 


70 


0-B4 


158 


7. 


10 39 


















7- 


22 57 


17-87 


5-13 


0-35 


151 


0-06 


33 


0-03 


164 


8. 


11 21 


















8. 


23 45 


17-53 


S-fil 


0-43 


147 


0^ 


304 


0-02 


115 


9- 


13 6 


















10. 


« 27 


17-69 


5-«6 


0-50 


134 


•-•6 


ai4 


0-04 


104 


10. 


12 54 


















11. 


1 20 


18-04 


5-88 


0-36 


146 


•-09 


47 


0-W 


113 


11. 


13 43 


















12. 


S 5 


17-37 


5-52 


0-44 


138 


0-03 


340 


0-»2 


342 


12. 


14 32 


















13. 


2 58 


17-40 


5-13 


0-33 


143 


0-05 


55 


0-03 


160 


13. 
14. 


15 31 
3 56 


17-19 


4-88 


0-43 


143 


0-04 


17 


•■04 


229 


14. 
15. 


16 33 
5 1 


17-07 


4-35 


0-38 


1&5 


•42 


334 


0-02 


289 


15. 
16. 


17 38 
6 12 


17-50 


3-86 


0-30 


164 


roz 


SS9 


0-02 


19S 


16. 

17. 


18 51 
7 21 


17-70 


3^ 


0-27 


180 


•41 


312 


•43 


128 


17. 
18. 


19 57 

8 41 


17-70 


3-63 


0-27 


175 


0-01 


387 


•■03 


190 


IS. 


21 9 


17-53 


3-76 


0-28 


174 


•■03 


182 


•■u 


151 


19. 


9 37 


















19. 


84 £ 


17'58 


4-ft8 


0-28 


165 


045 


814 


0-85 


348 


20. 


10 25 


















20. 


28 45 


17-34 


4-3e 


0-35 


165 


•■•1 


311 


0-03 


48 


SI. 


11 4 


















21. 


S3 S3 


17-34 


4-A9 


••37 


lft2 


••95 


869 


0-03 


140 


2f. 


11 39 


















22. 


S3 i* 


17-22 


4-76 


0-34 


149 


•42 


39 


•■02 


53 


23. 


12 10 



















ON THE 

expressed by the formulaAg+C,siD 



COASTS OP IRELAND. 
7>+C28in(2;>+C2)+C3Sin(3;»+i 
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Cj)+CjSln(4p+<;,). 



Anilyscd ti 


nc of high 




















A^ 


c,. 


Cr 


fj. 


Cj. 


f.- 


C,. 




p^W. 


















1842. 


h m 


ft. 


n. 


ft. 




ft. 




ft. 




July 24. 


26 


17-27 


4-74 


0-33 


145° 


0-05 


85 


0-04 


159 


24. 


12 42 


















25. 


58 


17-17 


4-66 


0-36 


142 


0-OG 


8 


0KI5 


91 


25. 


13 14 


















26. 


1 30 


17-27 


4-48 


0-29 


148 


0-03 


88 


0-05 


229 


26. 


IS 48 


















27. 


9 6 


17-23 


4-28 


0-38 


141 


0-05 


257 


0-O4 


23 


27. 


14 24 


















26. 


S 42 


17*24 


»98 


0*25 


144 


0-03 


177 


0-02 


7 


2B. 
29. 


IB 31 
3 23 


17-16 


3-71 


0-18 


150 


0-03 


328 


0-03 


llG 


29. 
30. 


15 47 

4 71 


17-17 


3-39 


0-25 


160 


0-03 


169 


0-04 


142 


30. 
31. 


]6 41 
5 14 I 


17-12 


3-01 


0-32 


160 


0-04 


279 


006 


141 


31. 
August 1. 


17 481 
6 27 


17-19 


2-86 


«•« 


189 


0-01 


108 


0-OS 


70 


1. 
2. 


19 8 
7 40 


17-48 


3-08 


0-1 1 


214 


0-05 


214 


0-03 


65 


3. 


20 23 

9 ej 


17-33 


3-50 


0-13 


175 


0-04 


211 


0-02 


185 


3. 


21 20 


17-52 


3-91 


0-19 


147 


0-03 


101 


0-OS 


168 


4. 


9 42 


















4. 




17-75 


4-73 


0-34 


141 


0-03 


168 


0-00 


187 


5. 


10 26 


















5. 


22 48 


17-59 


5-39 


0-34 


148 


0-04 


40 


0-01 


174 


6. 


II 8 


















6. 


23 28 


17-70 


5-91 


0-44 


135 


007 


14 


0-10 


133 


7. 


n 47 


















8. 


6 


17-38 


G-39 


0-49 


130 


0-07 


336 


0-07 


90 


8. 


12 29 


















9. 


51 


17-62 


6-31 


0-50 


124 


O-OI 


309 


0-08 


108 


9. 


13 15 


















10- 


1 40 


17-61 


6-05 


0-33 


141 


0*07 


6 


0-05 


47 


10. 


14 3 


















11. 


2 26 


17-50 


5-47 


0-46 


133 


0-02 


320 


0-05 


179 


11. 
12. 


15 71 
3 39 J 


17-56 


4-91 


0-46 


154 


0-08 


22 


0-10 


212 


12. 
13. 


15 55 
4 831 


17-36 


4-17 


0-21 


HI 


0-09 


230 


0-06 


128 


13. 

14. 


17 8' 
5 43 J 


17-17 


3-58 


0-26 


168 


0-02 


343 


0-02 


152 


14. 
15. 


18 28' 
7 13 I 


17-22 


3-24 


0-19 


178 


0-05 


274 


0-04 


182 


15. 
16. 


19 541 
8 31 


17-13 


3-25 


0-19 


185 


0-02 


215 


0-02 


157 


16. 

17- 


20 57 
9 27 


17-63 


3-58 


0-20 


157 


0-04 


217 


0-01 


137 


17. 


21 55 


17-49 


3-69 


0-27 


193 


0-09 


255 


0-01 


46 


18. 


10 12 


















18. 


29 28 


17-67 


4-30 


0-25 


165 


000 


357 


0-01 


8 


19- 


10 41 


















19. 


22 53 


17-64 


4-49 


0-34 


157 


005 


24 


0-04 


210 


20- 


U 9 


















SO. 


S3 25 


17-37 


4-81 


0-34 


144 


0-01 


269 


0-01 


314 


21. 


11 44 


















22. 


3 


16-84 


4-94 


0'2S 


147 


0*05 


308 


0-06 


103 


22. 


12 15 


















28. 


26 


17-42 


4-92 


0-31 


143 


0-05 


57 


0-03 


104 





88 MR. AIRV ON THE LAWS OF THE TIDES 

Height of the Water in each individual tide at Dunmore East, excluding diurnal tide, 



Analysed tin 


c of lligll 


















water, mireiponding lo 


A„. 


C|. 


C,. 


c,. 


c,. 


Cj- 


C.. 


'f 


1842. 


h in 


1 ft. 


ft. 


n. 




ft. 




ft. 




June 22. 
23. 


17 37 

5 55 

18 91 

6 45 
18 53 


16-29 


5-30 


0-23 


16 


0-07 


89 


0-04 


239 


23. 
24. 


16-38 


S-32 


007 


346 


0-15 


115 


0-06 


238 


24. 


16-23 


5-12 


0-13 


321 


0-14 


126 


0-03 


263 


25. 


7 12 


16-37 


5-07 


0-06 


306 


0-17 


146 


0-08 


166 


2S. 


19 31 


16-25 


5-16 


0-11 


327 


0-12 


89 


0-03 


314 


26. 


7 47 


16'09 


4-98 


0-13 


2 


0-14 


99 


0-06 


215 


26. 


20 5 


15-71 


4-98 


0-10 


340 


0-17 


107 


O-Ol 


158 


S7. 


8 22 


15-75 


4-88 


0-14 


5 


014 


75 


0-06 


273 


27. 


20 36 


15-69 


4-62 


0-07 


49 


0-18 


97 


0-05 


250 


28. 


8 52 


15-73 


4-43 


0-07 


11 


0-20 


74 


0-03 


206 


28. 


21 17 


15-84 


4-28 


0-06 


17 


0-17 


89 


0-02 


320 


29. 


9 33 


15-74 


4-07 


0-07 


322 


0-18 


95 


0-06 


960 


29. 


21 50 


15-88 


3-98 


0-08 


9 


0-14 


80 


0-02 


807 


30. 


10 14 


15-90 


3-80 


009 


356 


0-13 


102 


0-07 


165 


30. 


22 24 


15-84 


3-56 


0-10 


341 


007 


113 


0-03 


«67 


July 1. 


10 57 


15-85 


3-40 


0-09 


347 


0-08 


134 


0-03 


67 


1. 


23 22 


I5.8I 


3-19 


0-12 


345 


0-08 


129 


0-01 


142 


2. 


11 51 


16-76 


3-13 


0-04 


336 


0-08 


142 


0-03 


259 


3. 


39 


16.28 


3-08 


0-18 


13 


0-08 


115 


0-02 


131 


3. 


13 17 


















4. 


I 54 


16-63 


3-50 


O-IO 


28 


0-09 , 


163 


0-03 


213 


4. 


14 26 


















5. 


2 57 


16-04 


3-93 


0-07 


67 


0-02 


190 


0-04 


194 


5. 


15 20 


















6. 


3 43 


15-58 
1606 


4-52 
5-38 


0-09 
0-15 


360 
44 


0-09 

.... 

0-16 


114 
129 


0-03 
0-04 


244 
25 




"7V 

8. 


17 31 
5 21 


8. 
9. 


17 49' 

6 9} 


15-95 


5-81 


0-20 


3 


0-15 


106 


0-02 


268 


9. 
10. 


18 30 
e 54 


1600 


6-21 


012 


15 


0-18 


90 


002 


224 


10. 


19 131 

7 36 

20 2 

8 25 
20 48 


16-41 


6-21 


0-26 


10 


0-18 


105 


0-06 


208 


is! 


15-73 


6-00 


0-15 


16 


029 


97 


0-01 


32 




15-64 


5-69 


0-12 


15 


0-24 


105 


0-05 


242 


13. 


9 12 


















13. 


21 36 


; 15-36 


5-08 


0-17 


339 


0-14 


114 


0-02 


134 


14. 


10 4 


















14. 


22 31 


15-51 


4-52 


0-18 


6 


0-14 


114 


005 


294 


15. 


10 56 


















1.^. 


23 22 


lG-02 


3-92. 


0-21 


2 


013 


115 


0-04 


338 


16. 


11 58 


















17. 


34 


16*20 


3.55 


0-19 


3 


o-o; 


136 


0-03 


962 


17. 


13 15 


















18. 


1 55 


16-11 


3-62 


0-10 


48 


0-12 


151 


0-03 


141 


18. 


H 29 


















19. 


3 3 


16-03 


4-10 


0-08 


36 


0-08 


88 


0-01 


49 


19. 
20. 


15 33 
4 


16-05 


4-45 


0-15 


15 


009 


12: 


0-01 


119 


20. 


16 25 
4 43 


15-78 


4-80 


0-21 


6 


0-11 


118 


0-03 


165 


21. 
39. 


17 15' 
5 31 


15-83 


5-13 


0-19 


S7 


0-12 


109 


003 


97 


92. 
23. 


17 S3 
6 10 


15-73 


5-31 


0-15 


39 


0-17 


91 


0-03 


272 



ON THE COASTS OP IRELAND. 89 

expressed by the formula Aj+CiSinp+C28in(2p+Ci)+C3 sin (3/»+C3)+C4 sin (4;>+C4). 



AnnlTsed till 


e of hiuh 


















WBICT, corTespaniling to 




Ci- 


c,. 


Pi- 


C,. 


c>- 


C,. 


c,. 


p-90'. 


















18*2. 


h m 


ft. 


ft. 


ft. 




ft. 




ft. 




July 23. 
24. 


18 221 
6 38 


15-72 


6-39 


0-18 


13 


0-14 


96 


0-08 


141 


24. 
25. 


18 55 
7 151 


15-82 


5-35 


0-13 


17 


0-.9 


76 


0-05 


244 


25. 

26. 


19 30 

7 47 


16-77 


6-21 


0-19 


3> 


0-21 


47 


0-08 


316 


26. 
27. 
27- 


80 2 

8 18 


16-66 


4-90 


0-12 


339 


0-15 


95 


0-05 


284 


20 33 


15-57 


4-68 


0-14 


8 


0-18 


91 


0-03 


213 


28. 


8 49 


















28. 


21 5 


16-54 


4*22 


0-20 


322 


0-21 


93 


0-08 


254 


29. 


9 22 


















i9- 


21 39 


15-66 


3-86 


0-10 


352 


0-13 


84 


0-05 


191 


30. 


10 4 


















30. 


S2 28 


15-51 


3-33 


0-18 


328 


0-09 


116 


0-04 


96 


31. 


11 2 


















31. 


23 36 


15-64 


2-92 


0-11 


3 


001 


186 


0-02 


285 


Aosast 1. 


IS 22 


















e. 


1 7 


15-89 


B-90 


0-13 


7 


0-05 


196 


0-03 


147 


2. 


13 50 


















3. 


2 33 


15-72 


3-55 


0-08 


107 


0-04 


143 


0-06 


269 


3. 
4. 


15 71 
3 39 


16-69 


4-29 


0-08 


50 


0-11 


109 


0-04 


52 


4. 
5. 


16 13 
4 33 J 


15-87 


6-00 


012 


23 


0-20 


105 


0-08 


347 


5. 
6. 


16 57 
5 21 


15-91 


6-90 


0-17 


10 


0-12 


95 


0-08 


176 


6. 
7. 


17 49 
6 91 


15-93 


6-40 


0-14 


23 


0-16 


100 


0-0 1 


133 


7. 
8. 


18 34 
6 57 


16-86 


6-60 


O'lO 


343 


0-20 


68 


010 


40 


8. 
9- 


19 20 
7 41 


16-99 


6-68 


0-09 


6 


0-23 


80 


0-11 


5 


9. 


30 4 


16-00 


6-51 


D-IO 


346 


0-21 


108 


0-01 


37 


10. 


8 24 


















10. 


20 44 


16-68 


5-92 


014 


368 


0-27 


107 


0-04 


29 


11. 


9 4 


















U. 


21 24 


15-72 


5-33 


0-22 


5 


0-82 


93 


0-02 


140 


12. 


9 47 


















12. 


22 10 


15-63 


4-46 


0-02 


6 


0-83 


101 


0-02 


322 


13. 


10 37 


















13. 


23 3 


15-39 


8-64 


0-18 


329 


0-13 


188 


0-01 


50 


14. 


11 43 


















J 5. 


21 


15-56 


3-06 


0-14 


10 


0-08 


137 


0-01 


84 


16. 


13 6 


















16. 


1 51 


15-57 


3-23 


0-09 


14 


0-07 


167 


0-02 


131 


16. 


14 30 


















17. 


3 9 


16-00 


3-80 


0-10 


17 


0-08 


108 


0-03 


159 


17. 

18. 


15 301 
4 01 


16-03 


4-31 


0-22 





0-18 


187 


0-05 


180 


18. 
19. 


16 52 

4 43 I 


16-15 


4-85 


0-06 


71 


0-23 


57 


O-IO 


835 


19. 
20. 


17 5 
5 19 


15-94 


5-03 


0-10 


353 


0-12 


180 


0-04 


219 


20. 
21. 


17 40 
5 56 


15-77 


S-38 


0-OB 


347 


015 


95 


007 


203 


21. 
22. 


18 16 
6 28 


15-46 


5-60 


0-14 


356 


0-18 


84 


0-03 


857 


32. 
23. 


18 41 
6 59 


16-00 


5-59 


0-06 


26 


0-83 


80 


0-03 


386 



BO MR. AIRV ON THE 

Height of the Water in each individual 



LAVS OF THE TIDES 

tide at New Ross, excluding diurnal tidc^ 



Aimlyncd tin 


c nf high 


















witer, cones 


.onding to 


Ao. 


C|. 


c 


Cy 


C,. 


fj- 


Cf 




p^W. 


















1642. 


h m 


ft. 


ft. 


ft. 




a. 




ft- 




June 22. 
S3. 


18 141 
6 36 


17-32 


S-88 


0-05 


»0 


0-31 


93 


0-01 


£59 


33. 

£4. 


18 55 
7 23. 


17-47 


S-85 


0-40 


3t0 


044 


92 


0-17 


140 


84. 

85. 


19 44 

7 54 


17-47 


5^5 


0-29 


340 


0-40 


108 


0-04 


107 


S5. 
S6. 


£0 13 

8 87 J 
88 51 


16-80 


5-61 


0^1 


342 


0^2 


100 


0-05 


104 


26. 


16-57 


5-43 


0-43 


334 


0-38 


101 


0-08 


58 


87. 


9 6 


















27. 


81 21 


16-61 


5-18 


0-37 


334 


0-87 


91 


0-01 


333 


88. 


9 38 


















SB. 


81 £4 


16-57 


4-83 


0-32 


389 


043 


B7 


0-03 


300 


29. 


10 14 


















29- 


£8 33 


16-53 


4-50 


0-37 


343 


0-25 


89 


0-11 


114 


30. 


10 52 


















30. 


£3 10 


16-56 


4-25 


0-37 


388 


0-15 


65 


0-03 


10 


July 1. 


n 39 


















8. 


7 


16-50 


3-75 


0-30 


331 


0-17 


89 


0-02 


69 


8. 


12 43 


















3. 


1 18 


16-96 


3-69 


0-35 


354 


0-19 


91 


0-01 


333 


3. 


13 54 


















4. 


2 29 


17-56 


3-96 


0-13 


397 


0-13 


104 


0-05 


25 


4. 

5. 


14 54' 
3 35 


17-19 


4-34 


0-25 


350 


0-17 


99 


0-03 


158 


S. 

6. 


16 14 
4 45 


16-30 


l-«0 


0-33 


355 


0-83 


107 


0-05 


137 


6. 
7. 


17 14 
5 41 


16-94 


6-48 


0-44 


355 


(fis 


99 


007 


109 


7. 
8. 


18 3 
6 21 


17-11 


5-68 


0-51 


341 


0-39 


97 


0-03 


106 


8. 
9- 


18 SB 
7 18 


lG-86 


fr22 


0-53 


339 


0-36 


109 


0-04 


116 


9. 


19 49 


17-03 


6-43 


0-53 


346 


0-38 


104 


0-07 


131 


10. 


8 S 


















10. 
11. 


20 28 

8 54 


17-74 


6-39 


t'bi 


343 


0-37 


93 


0-06 


108 


11. 


£] 19 


17-04 


6-34 


0-66 


344 


0-35 


99 


0-06 


56 


12. 


9 43 


















19. 


22 7 


16-97 


613 


0-56 


348 


0-38 


93 


0-09 


97 


13- 


10 39 


















13. 


32 48 


16-39 


5-67 


0-49 


341 


0-30 


95 


0-03 


104 


14. 


11 12 


















14- 


33 36 


16-23 


6-18 


0-46 


336 


0-24 


100 


0>0£ 


63 


15. 


12 2 


















16. 


27 


16-81 


4-67 


0-39 


343 


0-86 


96 


O'Ol 


337 


16. 


12 55 


















17. 


1 23 


16-98 


4-24 


•■31 


342 


,#-81 


183 


0-02 


313 


17- 


14 6 


















18. 


3 49 


16-92 


4-25 


0-30 


358 


0-18 


103 


0-01 


846 


18. 
19- 


15 271 
4 01 


16-79 


4-61 


0-42 


347 


0-16 


100 


0-00 


270 


19. 
20. 


16 37 

S 4 


16-79 


5-08 


0-40 


353 


0-21 


104 


0-02 


352 


20. 
21. 


17 33 

5 51 


16-64 


5-42 


9-46 


347 


0-85 


101 


O-OI 


116 


21. 
88. 


IS 14 
6 30 


16-69 


S-75 


6-S8 


347 


049 


91 


0-03 


68 


22. 
23. 


18 53 
7 10 


16-64 


S-97 


0-50 


3S1 


0-34 


101 


0-06 


116 



ON TRtf COASTS OP IRELAND. 91 

aq>re8sed by theformulaAfl+C,sin;i+C;SiQ(2;+Cj)+C3 810(371+ C3)+C^8in(4p+C4). 



Analjaeil tin 


e of high 


















WKter, corresponiiing to 
p = 'M'. 


Ao. 


c,. 


C;. 


r,. 


C,. 


Cj- 


C 


e,. 


IH42. 


h in 


ft. 


ft. 


ft. 




ft. 




ft. 




Jdy 23. 
94. 


19 27 
7 43 


16-59 


5-93 


0-51 


351 


0-31 


93 


0-10 


109 


34. 
35. 


19 58 
8 18 


16-59 


5-93 


0-54 


351 


0-35 


89 


007 


98 


S5. 


20 31 


16-59 


5-80 


0-47 


343 


034 


91 


0-84 


47 


86. 


8 46 


















SB. 


21 


16-48 


5-52 


0-39 


347 


0-31 


95 


0-06 


134 


27. 


9 15 


















27. 


21 31 


16-36 


5-25 


0-40 


346 


0-25 


92 


0-01 


339 


28. 


9 45 


















28. 


21 58 


16-20 


4-87 


0-27 


337 


0-29 


87 


0-es 


276 


29. 


10 J5 


















29. 


22 32 


16-24 


4-49 


0-39 


328 


0-23 


65 


003 


23 


30. 


10 SI 


















30. 


23 10 


16-16 


3-95 


0-29 


321 


0-18 


82 


0-02 


55 


31. 


11 41 


















August ]. 
1. 


• 12 

19 54 


16-35 


3>U 


•■32 


3«9 


0-13 


90 


O-OI 


242 


2. 


1 36 


16-66 


3-47 


0-27 


14 


••15 


104 


0-06 


159 


2. 


14 23 


















3. 


3 10 


16-40 


4-17 


0-20 


6 


•-13 


94 


0-05 


227 


3. 
4. 


15 4S 

4 21 


16-50 


4-90 


0-30 


353 


0-21 


97 


002 


70 


4. 

a. 


16 54 
5 14 


16-89 


5-61 


0-43 


341 


0-35 


85 


0-02 


314 


5. 

6. 


17 57 
6 21 


16-78 


&30 


0-59 


348 


0-35 


101 


0-07 


101 


6. 


18 47 

7 7 


1705 


6-76 


0-58 


351 


0-39 


100 


0-07 


90 


7! 

8. 


19 34 

7 57 


17-15 


6-89 


0-S9 


353 


••41 


91 


0-05 


79 


8. 


20 27 


17-13 


6-95 


0-68 


348 


0-42 


9S 


0-12 


92 


9. 


8 43 


















9. 


20 59 


17-14 


6-St 


0-63 


349 


0-49 


93 


0-16 


113 


10. 


9 21 


















10. 


21 42 


16-77 


6-31 


0-59 


342 


0-39 


lOfi 


0-09 


85 


11. 


9 58 


















11. 


22 15 


16-88 


5-86 


0-49 


340 


0-39 


101 


0-06 


132 


12. 


10 36 


















12. 


22 57 


16-33 


e-«9 


ft-41 


336 


frae 


99 


0-03 


66 


13. 


11 22 


















13. 


S3 46 


16-10 


4-26 


•-S7 


323 


••17 


103 


0-05 


34 


14. 


12 22 


















15. 


58 


16-26 


8-70 


0-25 


343 


•■17 


105 


0-05 


301 


15. 


13 44 


















16. 


f 30 


16-98 


3-82 


«4 


347 


•■14 


100 


0-01 


122 


16. 
17. 


15 14 
3 44 


16-52 


4-SO 


0-27 


343 


0-13 


122 


0-04 


' 43 


17. 
18. 


16 15 
4 47 


16-63 


4-91 


0-35 


358 


0-23 


80 


0-09 


141 


18. 
19. 


17 11 
5 33 


16-87 


5-39 


0-38 


348 


0-28 


95 


0-05 


164 


19. 
20. 


17 57 

6 11 


16-83 


S-S2 


0-39 


339 


ft-26 


108 


0-D4 


183 


SO. 
21. 


18 35 

6 51 


16-59 


5-96 


0-56 


347 


0-35 


93 


0-08 


69 


21. 
22. 


19 12 
7 24 


16-18 


643 


0-50 


344 


0-39 


97 


0-08 


110 


23. 
23. 


19 33 
7 51 


16-84 


6i)9 


0-48 


352 


0-34 


92 


0-01 


144 
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Height of the Water in each individual tide at Passage West, excluding diurnal tide^ 



Analyied tinie of high 


















water, oorrespondiDg to 


Ao. 


c,. 


Cj. 


^2- 


c,. 


<•»• 


C4. 


^4- 


p^9(f. 


















1842. h m 


ft. 

• • • • 

• • • • 

• • • • 


ft. 

• • • . 
. • • « 


ft. 

• • . • 

• • • • 

• • • . 


o 

• • • • 

• • • • 

• • • 


ft. 

• • ■ • 

• • • • 
« • • • 


o 

• « . ■ 

• • • • 


ft. 
. • • • 

. • • • 

• . . • 




• • • • 

• • • . 
. • * • 








June24.' 19 *6\ 
25. 7 16/ 


# • • • 

16-13 


5-37 


0-36 


• • • • 

279 


.... 

0-06 


. . . • 

104 


. • • • 
003 


• • . . 
9S 




• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• . . • 


• • • • 


*26.'20''6\ 
27. 8 25/ 


# • • # 

15-52 


5-02 


• • • • 

0-31 


• • • • 

290 


• • • • 

0-12 


80 


• • . . 
003 


• • • • 

68 


27. 20 43 1 

28. 9 3/ 


15-55 


4-64 


0-32 


289 


0-11 


60 


0-03 


ISS 


28. 21 231 

29. 9 40/ 


15-53 


4-30 


0-31 


295 


0-16 


70 


0-01 


58 


29. 22 4 1 

30. 10 34/ 


15-62 


3-91 


0-33 


305 


0-06 


67 


0-02 


94 


30. 23 20 


15-69 


3*73 


0-23 


301 


0-07 


116 


001 


6 


July 1. 11 33 


















I. 23 46 


15-64 


3-46 


0-26 


316 


0-10 


97 


0-03 


129 


2. 12 23 


















3. 59 


16-11 


3-38 


0-25 


358 


0-08 


158 


0-08 


298 


3. 13 32 


















4. 2 4 


16-40 


3-73 


0-20 


331 


0-03 


157 


0-03 


109 


4. 14 34 


















5. 3 4 


15-73 


4-20 


0-14 


312 


0-03 


123 


0-03 


83 


5. 15 36 \ 

6. 4 6/ 


15-34 


4-65 


0-19 


300 


0-07 


101 


0-03 


74 


6. 16 32 1 

7. 4 59/ 


15-92 


5-11 


0-21 


331 


0-07 


102 


0-07 


69 


7. 17 22 1 

8. 5 40/ 


15-76 


5-70 


0-28 


310 


0-09 


92 


001 


88 


8. 18 8l 
9- 6 28/ 


15-63 


6-03 


0-36 


299 


0-10 


131 


0-05 


31 


9. 18 52 1 
10. 7 16/ 


lC-01 


6-25 


0-25 


284 


0-13 


38 


0-02 


353 


10. 19 36 1 

11. 8 0/ 


16-38 


6-38 


0-27 


308 


0-06 


102 


0-09 


103 


11. 20 28 1 

12. 8 51/ 


15-72 


6-21 


0-32 


307 


0-12 


98 


0-07 


89 


12. 21 15 


15-52 


5*96 


0-36 


309 


0-20 


80 


0-10 


64 


13. 9 39 


















13. 22 3 


15-32 


5*36 


0-30 


309 


0-17 


84 


0-06 


64 


14. 10 31 


















14. 22 58 


15-39 


4*86 


0-36 


313 


0-14 


99 


004 


106 


15. 11 28 


















15. 23 58 


16-05 


4-31 


0-34 


327 


0*11 


108 


0-02 


76 


16. 12 32 


















It. I 6 


16-13 


3-91 


0-28 


307 


0-06 


118 


0-04 


71 


17* 13 45 


















18. 2 23 


16-09 


3-99 


0-22 


331 


0-05 


130 


0-01 


38 


18. 14 57 


















19. 3 31 


15-96 


4-41 


0-26 


315 


0-10 


75 


0-04 


132 


19. 15 591 

20. 4 96] 


16-01 


4-69 


0-31 


332 


0-06 


105 


0-03 


62 


20. 16 51 

21. 5 9 


15-71 


5-08 


0-38 


315 


0-10 


101 


0-02 


71 


21. 17 31 1 
92. 5 47/ 


15-79 


5-38 


0-35 


307 


0-07 


102 


0-05 


91 


22. 18 6\ 

23. 6 23/ 


15-68 


6-53 


0*33 


301 


0H)9 


72 


0-01 


« 
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expressed by the formula Ao+C]8inp+C28in(2/j+C2)+C3sin(3p+C3)+C48in (4 /»+C4). 



ADilya^M 


nc of lillth 




















Ar 


C,. 


c 


Cl- 


Cz,- 


(■l- 


c.. 


e,- 


P^W. 


















!942. 


li m 


ft. 


ft. 


ft. 




(t. 




ft. 




J,.ly 23. 
24. 


18 39 
6 55 


15-73 


5-61 


0-33 


egi 


0-07 


60 


0-04 


173 


24. 
25. 


19 7 
7 27 


15-75 


5-58 


0-30 


293 


0-14 


48 


0-07 


94 


25. 
26. 


19 39 
7 56 


16-66 


5-34 


0-28 


288 


O'Oe 


67 


0-08 


103 


36. 
27. 


20 12 

8 28 


15-60 


5-08 


0-34 


287 


0-13 


S3 


0-02 


238 


27- 
28. 


20 44 

8 69 


15-41 


4-73 


0-29 


291 


0-12 


65 


0.04 


79 


28. 


21 18 


15-54 


4-48 


0-26 


291 


0-17 


51 


0-04 


58 


89. 


9 37 


















99. 


21 55 


lS-57 


3-98 


0-28 


303 


0-14 


73 


000 


28 


30. 


10 21 


















30. 


22 46 


16-46 


3-53 


0-29 


302 


0-08 


104 


0-03 


325 


31. 


11 19 


















31. 


23 51 


16-65 


3-26 


0-25 


329 


007 


108 


0-03 


343 


August 1. 


IS 33 


















2. 


1 15 


:5-86 


3-30 


0-U 


357 


007 


173 


000 


262 


2. 


13 58 


















3. 


3 40 


16-65 


3^1 


0-12 


312 


004 


55 


001 


213 


3. 
4. 


15 §1 
3 40 


16-63 


4-59 


0-23 


316 


0-10 


150 


0-03 


70 


4. 
5. 


16 13 
4 33 


16-67 


5-29 


0-29 


316 


0-10 


135 


0-03 


91 


5. 
6. 


17 1 
5 25 


16-79 


6-12 


0-25 


298 


0-06 


111 


0-08 


86 


6. 

7. 


17 50 
6 10 


15-79 


6-62 


0-21 


299 


0-09 


106 


009 


88 


7. 
8. 


18 34 
6 57, 


15-78 


6 89 


0<30 


294 


0-08 


110 


0-06 


37 


8. 
9. 


19 19 

7 40 


15-96 


6-93 


0*30 


275 


0-04 


140 


0-09 


34 


9- 
10. 


20 2 
8 26 


15-89 


6-63 


0-29 


289 


O'll 


75 


004 


38 


10. 


20 46 


15-64 


6-20 


0-36 


297 


0-15 


79 


0-06 


46 


11. 


9 7 


















11. 


31 28 


15-68 


5-60 


0-28 


298 


017 


77 


0-11 


100 


12. 


9 54 


















12. 


23 20 


15-43 


4-72 


0-35 


312 


0-15 


83 


004 


131 


13. 


10 61 


















13. 


23 21 


15-31 


3-90 


0*37 


314 


0-U 


91 


0-02 


25 


14. 


12 1 


















15. 


40 


16-46 


3-50 


0-26 


343 


0-10 


134 


0-07 


30 


15. 


13 23 


















16. 


2 6 


16-58 


3-60 


0-19 


329 


0-05 


158 


0-05 


24 


I6. 


14 40 


















17. 


3 13 


16-84 


4-14 


0-22 


317 


0-05 


90 


003 


33 


17. 
18. 


15 44 

4 141 


15-99 


4-47 


0-23 


339 


0-08 


60 


0-06 


152 


18. 
19. 


16 27 
4 48 


16-01 


6-02 


0-25 


312 


0-11 


73 


0-04 


99 


19. 
20. 


17 10 

6 24 J 


15-80 


5-30 


0-34 


311 


O'OS 


96 


009 


69 


20. 
21. 


17 401 
S 56 


15-65 


6-60 


0-27 


296 


0-06 


44 


0-08 


73 


21. 

22. 


18 14 
6 36 


15-31 


6-80 


0-33 


291 


••07 


64 


0-oa 


51 


22. 
23. 


18 40 

6 58 


15-83 


6*78 


0-28 


295 


0-10 


63 


0-09 


54 
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Height of the Water in each individaal tide at Castle Townsend, exclnding diamal txd^ 



Anilysed lime of l.igh 
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C-. 




Cj. 


ff 


C.. 




p-90°. 


















1842. h at 


ft. 


a. 


ft. 


„ 


ft. 




ft. 


^ 


June 22. 1? 1 
23. 5 30 


15-86 


4-31 


0-15 


283 


0-07 


SOS 


0-02 


170 


23. 17 45 

24. G 10 


15-77 


4-49 


0-17 


276 


0-02 


77 


o-os 


277 


24. 18 36 
gS. 6 46 


15-72 


4-21 


0-27 


266 


0-07 


259 


0-03 


13 


25. 19 7 

26. 7 21 


15-41 


4-15 


0-21 


871 


0-03 


S39 


0-03 


203 


S6. 19 41 
27. 8 


15-21 


3-98 


0*3 


293 


0-02 


18 


0-02 


3 


S7. 20 20 
28. 8 40 


15-30 


3-65 


0-17 


S77 


0-04 


243 


0-01 


309 


28. SI 

29. 9 17 


15-30 


3-37 


0-16 


315 


0-06 


51 


0-13 


63 


29- 21 40 
30. 10 10 


15-43 


3-11 


0-16 


306 


0-04 


269 


O-03 


182 


3a 22 39 

July I. n 8 
1. «S 37 


15-29 


2-S3 


0-19 


317 


0-05 


315 


0-02 


147 


15-44 


2^0 


0-16 


333 


WII 


£21 


0-02 


266 


2. 12 6 


















3. 9 35 


15-93 


2-80 


(M(4 


S59 


049 


S63 


O-04 


338 


3. 13 12 


















4. I 48 


16-04 


3-01 


0-15 


345 


0-14 


295 


0-12 


35 


4. U 15 


















6. 2 43 


15-42 


3-37 


0-17 


S99 


0-07 


328 


0-04 


190 


5. U 12 


















6. 3 41 


15-16 


3-S5 


0-12 


312 


0-08 


259 


0-09 


31 


6. 16 2 


















7- 4 S4 


15-42 
15-27 


4-34 


0-17 
0-19 


276 
£96 


0-06 
0^ 


344 
S65 


O-OI 
0-06 


61 
294 




8. "17' 35" 

9. 5 55 


9. 18 10 
10. 6 34 


15-34 


6-06 


0-37 


325 


0-17 


203 


O-07 


34 


10. 18 59 
1). 7 23 


15-92 


5-28 


0-18 


280 


0-04 


313 


0-06 


309 


11. 19 50 

12. 8 13 


15-33 


5-11 


0-27 


296 


0-04 


274 


0-04 


106 


12. 29 43 

13. 9 6 


15-12 


4-77 


0-24 


269 


0-05 


264 


0-09 


256 


13. 31 32 

14. 9 59 


14-85 
15-77 


4-32 
3-47 


0-26 
0^17 


287 
■96s 


0-06 

ihii 


222 
'285 


0-10 

0-oY 


30 
' '16 


15.' ' 23 29 


16. 12 6 


















17- 43 


15-65 


9-55 


0-18 


1 


0-13 


77 


0-13 


108 


17. 13 22 


















18. 2 


15-72 


3-31 


0-18 


295 


0-06 


S84 


0-»4 


154 


18. 14 33 


















19. 3 6 


15-66 


3-61 


0-19 


307 


0-03 


323 


0-05 


202. 


19. 15 32 


















20. 3 39 


15-66 


3-92 


0-27 


316 


0-07 


329 


0-01 


337 


20. 16 26" 

21. 4 44 


15-47 


4-16 


0-35 


318 


0-04 


£2 


0-04 


137 


21. 17 2 
23. 5 18 


15-59 


4-SI 


0-17 


303 


0*08 


237 


0-03 


243 


22. 17 35 

23. 5 52 


15-41 


MO 


«3 


281 


frOS 


116 


O-OI 


184 
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expressed by the formula A3+Ci8inp+C2Sin(2;)+C2) +€38111 
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{3p^^c.s)+C^smi4p+c^). 



An^jsed ti 


aeafbigh 


















waler, correi ponding lo 


A^ 


Ci. 


C,. 




c.. 




C.- 




p=90=. 


















1842. 


h m 


ft. 


fL 


ft. 




ft. 




ft 




July 83. 
24. 


18 61 
6 21 


15-45 


4-43 


0-15 


279 


0-13 


135 


0-06 


67° 


24. 
25. 


18 36 
6 56 


15-43 


4-43 


0-31 


281 


0-06 


179 


0-05 


351 


25. 
36. 


19 14' 
7 31. 


15-39 


4-27 


0-19 


293 


0-08 


307 


0-03 


281 


26. 

87- 


19 46 
8 2 


15-38 


4-«4 


0-23 


293 


O-04 


233 


0*08 


7 


87- 

48. 


SO 19 

8 34 


15-20 


3-71 


0-23 


282 


0-11 


271 


0-03 


78 


28. 
«9. 


20 57 
9 16 


15-36 


3-43 


0-33 


295 


0-07 


327 


0-14 


122 


«9. 
30. 


21 40 
10 5 


16-31 


3-02 


0-19 


274 


0-05 


281 


0-04 


79 


30. 


22 39 


15'29 


S-71 


0-20 


318 


001 


90 


0-07 


118 


31. 


11 13 


















31. 


23 46 


15-41 


2-58 


0-15 


322 


0-01 


234 


0-01 


247 


August 1. 


12 27 


















3. 


1 7 


15-61 


2-70 


0-07 


354 


0-06 


311 


0-02 


359 


2. 


13 44 


















3. 


2 20 


15-43 


3-20 


0-08 


332 


0-01 


110 


0-02 


221 


3. 


14 50 


















4. 


3 SO 


16-34 


3-87 


0-03 


295 


0-03 


146 


0-06 


52 


4. 


15 45 


















fi. 


4 9 


15-40 


4-49 


0-15 


333 


0-10 


285 


fr04 


108 


6. 

6. 


16 41' 
5 5 


15-52 


5-07 


we 


263 


0-09 


57 


O-09 


300 


6. 
7. 


5 53 


15-51 


5-44 


0-25 


32 


0-06 


328 


0-03 


100 


7. 

a. 


17 56 

6 19/ 


15-47 


6-70 


0-24 


299 


0'19 


231 


0-12 


349 


8. 
9. 


18 37 
6 58 


15-65 


6-80 


0-30 


282 


0-07 


323 


0-04 


300 


9. 
10. 


19 26 
7 50 


15-59 


Wl 


0-29 


277 


0-07 


l£3 


O-OI 


315 


10. 

11. 


20 13 
8 39 f 


15-49 


*90 


MS 


31B 


0-14 


2M 


0-07 


295 


11. 

12. 


21 9 
9 32 


16-33 


4-S4 


1-20 


301 


0-09 


3S6 


(H)3 


348 


12. 


21 58' 


15-22 


3-60 


0-21 


294 


006 


283 


0-02 


316 


13! 


23 7 


15-19 


3-18 


0-26 


323 


0-03 


24 


O-02 


96 


14. 


11 50 


















15. 


33 


15-23 


2-B5 


0-SO 


312 


0-08 


333 


O-07 


41 


15. 


13 13 


















16. 


1 53 


15-33 


2-90 


0-12 


317 


0-03 


230 


0-05 


18 


16. 


14 28 


















17. 


3 2 


15-68 


3-30 


0-16 


307 


0-04 


321 


0-00 


339 


17. 


15 27 


















18. 


3 52 


15-74 


3-72 


0-17 


311 


0-03 


3 


0-10 


74 


18. 


16 10 


















19. 


4 28 


15-61 


4-04 


0-18 


298 


0-09 


869 


0-04 


55 


19. 
20. 


16 49' 
5 3 


15-58 


4-28 


0-27 


306 


0-06 


276 


0-07 


36s 


20. 
21. 


17 211 
5 37 


15-43 


4-42 


0-29 


279 


0-06 


217 


0-06 


146 


21. 
S3. 


17 50 
6 2 


15-19 


4-67 


0-23 


299 


0-04 


28 


0-05 


149 


22. 
23. 


18 13 
6 31/ 


15-48 


4-61 


0-27 


383 


0-04 


20 


0-05 


330 
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Section XL — Discussion of the height of mean water deduced from the analysis ofin'^ 
dividual tides ; with reference to difference of station^ and to variations of the phase 
of the moony and of the declination of the moon. 

The mean heights (Aq) for each station, in the results of last section, were divided 
into groups corresponding to large tides and small tides, the dividing places being 
the same as those in section V., page 29, or following by two days the times when 
the moon's hour-angle from the sun was 3**, 9**, IS**, 21**. The means for each group 
were taken, and then the mean of those means of groups belonging to large tides, and 
the similar mean for small tides. The results are the following, the numbers for 
Courtown being taken by anticipation from section XVII. : — 



Station. 


Mean height. 


Mean of 
mean heights. 


Excess of 

mean height 

in Uurge tides 

above mean 

height in 
small tides. 


Small tides. 


Large tides. 


Kilbaha 

Kilrush 

Foynes Island .... 

Limerick 

Casleh Bay 

Galway 

Old Head 

Mullaghmore .... 

Buncrana 

Port Rush 

Carrowkeel 

Ballycastle 

Glenarm 

Donaghadee .... 

Ardglass 

Clogher Head. . . . 

Kingstown 

Courtown 

Dunmore East . . 

New Ross 

Passage West .... 
Castle Townsend . 


ft. 

15-58 
16-36 
17-06 
17-38 
17-90 
17-47 
17-69 
18-03 
17-33 
17-60 
17-96 
17-40 
17-65 
17-76 
17-65 
17-«0 
17-44 
16-63 
15-80 
16-58 

15-71 
15-45 


ft. 

15-72 

16-62 

17-29 
17-92 
18*06 
17-65 
17-90 
18-23 

17-47 
17-83 

18-17 
17-63 
17-83 

17-89 
17-78 
17-32 
17-49 
16-67 
15*86 

16-89 
15-78 
15-45 


ft. 

15*65 

16-44 

17-18 

17-65 

17-98 

17-56 

17-80 

18-13 

17-40 

17-72 

18-07 
17-52 

17-74 
17-83 
17-72 
17-26 

17-47 
16-65 
15-83 
16-74 
15-75 
15-45 


ft. 

0-14 
0-16 
0-23 
0-54 
0-16 
0-18 
0-21 
0-20 
0-14 
0-23 
0*21 
0*23 
018 
0-13 
0-13 
0-12 
0-05 
0-04 
0-06 
0-31 

007 
0-00 
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The first column which deserves attention is the ^^ mean of mean heights.*' The 
progress of the numbers from Kilbaha to Limerick, as well as that from Dunmore 
East to New Ross, show well the change of niean height in ascending a river affected 
by current as well as by tide. Excluding these river stations, as also Buncrana and 
Carrowkeel, which partake in some measure of the same character, we have a view 
of the comparative mean heights of the sea on different parts of the coast of Ireland. 
And here we have the remarkable result, to which allusion has already been made, 
that the mean height of the sea round the northern half of the island, as referred to 
the surface of stagnant water, is considerably greater than that round the southern 
half of the island. The amount of this difference of height is believed by the officers 
who directed the levelling operations to be much greater than can be explained by 
any allowable error in the levelling. The heights on the eastern coast are also, per- 
haps, a little greater than those on the western coast. I profess myself entirely unable 
to explain on mechanical principles this result. 

In eveiy instance except that of Castle Townsend, the mean height in large tides 
is greater than that in small tides. Further allusion will be made to this in the 
examination of the next table. I shall here only remark that I imagine this to be a 
possible result of the shallowness of the sea, though theory has not yet reached so 
far. 
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For the investigation of the eflfect of the moon's declination, the same process in 
all respects was used as in Section Y., pages 32 and 33, and the following are the re- 
sults: — 



Station. 


Mem height 
with small 
declination. 


Meanheig^ 

withlar^e 

dedinttioB. 


Sxceii of mean 

height with 

krge dedination 

aboTe mean 

hdshtwith 

small declination. 


Meanheig^ 

with deereaaing 

dedination. 


Mean height 

with inereaidng 

declination. 


Bxoeaaofmean 
hdgfal with de- 
creasing dedina- 
tion abare men 
hd^twithlA- 
creann^ damna- 
tion. 


KUbaha 

Kilmsh 

Foyues Island. . . . 

Limerick 

CaslehBay 

Galway .I...... 

Old Head 

Mullaghmore .... 

Buncraoa 

PortRiwh 

Carrowkeel •.••.. 
Ballycastle ...... 

Glenarm 

Donaghadee •••. 

Ardgtass • . 

Clogher Head . . 

Kingstown 

Courtown 

Dunmore East . . 

New Ross 

Passage West.... 
Castle Townsend.. 


ft. 

15-61 

16-40 

17-16 
17-68 
17-94 
17-64 
17-71 
18-07 
17-37 
17-68 

17-97 
17-47 
17-68 

17-79 
17-69 
17-21 
17-41 
16-60 
16-80 
16-74 
15-70 
15-42 


it 

15-66 
16-46 
17-18 

17-67 
18-00 
17-58 
17-81 
18-16 
17-42 
17-70 
18-12 

17-69 
17-76 
17-86 
17-73 

17-29 
17-50 
16-67 
15-88 
16-68 

15-77 
15-47 


ft. 
+0-06 
+0H)6 
+ 0-03 
-0-11 
+ 0*06 
+ 0-04 
+ 0-10 
+ 0-08 
+ 006 
+ 0-02 
+ 0-16 
+ 0-12 
+0-08 
+ 0-06 
+ 0-04 
+ 0-08 
+ 0-09 
+0-07 
+ 0-08 
—0-06 

+ 0-07 
+ 0-05 


ft. 

16-68 

16-52 

17-24 

17-81 

18-03 

17-62 

17-91 
18-22 
17-53 
17-88 
18-18 
17-64 

17-87 
17-93 

17-82. 

17-29 
17-53 
16-70 
15-90 
16-85 

15-77 
16-46 


ft. 

16-59 

16-34 

17-07 
17-43 

17-91 
17-49 
17-69 
18*06 
17-31 

17-59 
17-94 

17-39 
17-66 

17-77 
17-64 
17-20 
17-42 
16-63 

15-79 
16-61 

16-70 

15-44 


ft. 
+0-09 
+0-18 

+ 0-17 
+ 0-38 
+0*12 
+ 0-13 
+0-22 
+0-16 
+ 0-22 

+0-29 
+0-24 
+ 0-26 
+0-21 
+016 
+0-18 

+ 0-09 

+ 0-11 

+0-07 
+ 0-11 
+ 0-24 

+ 0-07 
+ 0-02 



Upon comparing the results of this Table with those of the Table on page 96^ the 
remarks made in page 33 must, I think, be considered to be insufficiently founded. 
The excess found by classifying according to the magnitude of the tide is here de- 
cidedly greater than that found by classifying according to the moon's declination. 
In the river tides (from Kilbaha to Limerick, and from Dunmore East to New Ross) 
the excess classified by the magnitude of tide proceeds more regularly than that 
classified by moon's declination. I think also that the change for the stations on the 
narrow channel from Port Rush to Donaghadee inclines us ta the supposition that 
the whole is due rather to the variation of magnitude than to the variation of declina- 
tion. The change of declination, being very slow, would probably produce the same 
sensible change in the mean level of the deep (though contracted) sea of the North 
Channel as in that of the Atlantic Ocean : though everything which depended in any 
way upon the tides might be very dififerent. Perhaps however the change for these 
stations is not sufficiently decided to give great force to this argument. On the 
whole, I regard the origin of this inequality as yet subject to some doubt. 

The values of Aq at any one station differ, sometimes rapidly, from day to day. In 
order to examine these^ I have subtracted from every value of Aq at each place the 
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mean of all the values of Aq at that place, and have set down the excess as an irr^u- 
larity in the general height of the water at that place on that day. The numbers for 
Conrtown are taken by anticipation from Section XVII. The results are contained 
in the following Table. With the view of ascertaining any possible connexion of these 
irregularities with the cause of the winds, I have set down in the last columns the 
character of the winds observed at the four stations Kilbaha, Port Rush, Kingstown, 
and Passage West, which may be considered as nearly equidistant on the coast. [The 
letter c attached to the letters describing the direction of the wind denotes that it 
was nearly calm ; the letter s denotes that the wind was strong.] 
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Upon inspecting these numbers^ one law cannot fail to occur to us, namely, that 
the irregularities are nearly the same in magnitude and in sign on eveiy part of the 
coast of Ireland at the same time. So prevalent is this law^ that there are few instances 
in which the irregularity at one place differs from the mean of the irregularities at all 
the places at the same time by more than an inch. My ideas of the almost perfect 
fluidity of water have been very much raised by this comparison. I may remark that 
it embodies, in a form admitting of easy examination, the result concluded from rough 
inspection of observations which is made the foundation of a method for supplying 
deficient observations described in page 10. I may also add that it gives no small 
security for the general fidelity and accuracy of the observers at the different stations. 

I do not perceive any certain connexion between the irregularities and the course of 
the winds, except that the water is usually highest on all parts of the coast with a 
violent south-west wind. 

In order to ascertain the general relation of these irregularities to those of the 
barometer, I have compared the corrected mean height of the barometer at Green- 
wich for each civil day with the mean height for the year (using the numbers pub- 
lished in the Greenwich Magnetical and Meteorological Observations). The follow- 
ing are the results : — 



Excess of the corrected mean height of the barometer each day, at Greenwich, above the mean height | 






for the year 1842. 




1 




in. 




in. 




in. 




in. 




in. 




in. 


June 28. 


-0-142 


July 4. 


-0-226 


July 15. 


+0-378 


July 26. 


+0-042 


Aug. 6. 


-0-033 


Aug. 17. 


+0-132 


24. 


-0-251 


5. 


-0-232 


16. 


+ 0-174 


27. 


+0-187 


7. 


. . • • 


18. 


-0-041 


95. 


-0-234 


6. 


+ 0-129 


17. 


• • » . 


28. 


+0-056 


8. 


+ 0-078 


19. 


—0-067 


96. 


• . ■ • 


7. 


+0-070 


18. 


-0-118 


29. 


-0-069 


9. 


+0-017 


20. 


+0-032 


97. 


+ 0-21g 


8. 


-0-216 


19. 


-0-147 


30. 


+ 0-083 


10. 


-0-263 


21. 


• • •• 


28. 


+ 0-268 


9. 


-0-271 


20. 


-0-231 


31. 


. • • . 


11. 


-0-029 


22. 


-0-023 


89. 


+ 0-097 


10. 


• • • • 


21. 


-0-189 


Aug. 1. 


+ 0-310 


12. 


+ 0-313 


23. 


-0-064 


30. 


—0-080 


11. 


-0-288 


22. 


+ 0-064 


2. 


+0-164 


13. 


+ 0-443 






July 1. 


-0-168 


12. 


—0-046 


23. 


+0-235 


3. 


-0-016 


14. 


• • • • 






9. 


—0-105 


13. 


+0-226 


24. 


• • • • 


4. 


-0-092 


15. 


+ 0-242 






S. 


. • • . 


14. 


+ 0-388 


25. 


-0-040 


5. 


-0-036 


16. 


+0-207 







I have also obtained^ through the kindness of Sir W. R. Hamilton^ the barometrical 
observations at the Observatory of Dunsink^ near Dublin ; and from Colonel Colby 
and Captain Larcom, R.E.^ I have received the observations made in the Phoenix 
Park nearDubiin^ and at Limerick. The following results are obtained by com- 
paring each day's mean with the mean for this period. 



Excess of the mean height of the barometer each day, at Dublin, 


above the mean of alL 1 




Don- 


FlMenix 




Don- 


Fhfleniz 




Dttn- 


Pliflnns 




Dun- 


PiMeniz 




Dnn- 






Du- 


VbaA 




nnk. 


Fftrk. 




sink. 


Park. 




■ink. 


Park. 




tink. 


Park. 




flink. 


Park. 




riidu 


Fi^ 




tn. 


in. 




in. 


in. 




in. 


in. 




in. 


in. 




in. 


in. 




in. 


^ 


June 23. 


-0-31 


-0-372 


July 4. 


-0-53 


-0-547 


July 15. 


+0-35 


+0-388 


July 26. 


+0-19 


+0-164 


Aug. 6. 


-04)4 


-04)70 


Aug 17. 


+04)9 


-HHW 


24. 


-0-42 


-0-454 


5. 


-0-22 


-0-281 


16. 


+0K)4 


+04)76 


27. 


+031 


+0-302 


7. 


...... 


-0-112 


18. 


+^04)1 


-OOU 


25. 


-0-49 


-0-534 


6. 


+0K)6 


+0-173 


17. 




-0-196 


28. 


+0-20 


+0-182 


. 8. 


-04)8 


-04)97 


19. 


-0-17 


-MIO 


' 26. 


+0-06 


iHm 


7. 


-0-22 


-0«7 


18. 


-0-13 


-0-153 


29. 


+0-20 


+0-178 


9. 


-0-10 


-0-111 


20. 


--04)6 


-^101 


97. 


+0-31 


+0-315 


S. 


-0-38 


-0-500 


19. 


-0-12 


-0-165 


30. 


+0-29 


+0-284 


10. 


-0-21 


-0-258 


21. 


+0-12 


+0-1U 


28. 


+0-16 


+0-148 


9. 


-0-32 


-0-365 


20. 


-0-1 1 


-0-147 


81. 


...... 


+0-365 


11. 


-04n 


-04)11 


22. 


+0-17 


+0-115 


S9. 


+^i2 


+0-120 


10. 


-0-25 


-0-180 


21. 


+04)1 


-04)06 


Aug. 1. 


+0-32 


+0-315 


12. 


+0-17 


+0-170 


S3. 


-04)7 


-4H)|9 


30. 


+0H» 


+1!:^ 


11. 


-0-43 


-0-485 


22. 


+0-22 


+0-205 


2. 


+04)9 


+04)72 


IS. 


+0-42 


+0^18 








July 1. 


-0-10 


-0-126 


12. 


-0H)9 


-0O74 


23. 


+0^ 


+0-304 


8. 


+0-10 


+04)89 


14. 


...... 


+0-445 








2. 


-OHM 


-0-052 


13. 


+0-14 


+0-121 


84. 


...... 


+0400 


4. 


-04)9 


-0-110 


15. 


+0-37 


+0-842 








8. 


-0-25 


-0-108 


14. 


+0-45 


+0-448 


25. 


+04)9 


+04)61 


5. 


-0-14 


-0-176 


16. 


+0-29 


+0-284 
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Ezoess of the mean height of the barometer each day, at Limerick, above the mean of alL 1 




in. 




in. 




in. 




in. 




in. 




in. 


Jmen. 


-••4#7 


July 4. 


—0*543 


July 15. 


+0-365 


July 26. 


+0-182 


Aug. & 


-0-062 


Aug. 17. 


+0-058 


24. 


-0-447 


5. 


—0*169 


16. 


—0-059 


27. 


+ 0-324 


7. 


—0*169 


18. 


-0-002 


25. 


—0-535 


6. 


+ 0*212 


17. 


—0*320 


28. 


+ 0*295 


8. 


-0-171 


19. 


-0-198 


2& 


— aH)77 


7. 


-0-217 


18. 


-0-208 


29. 


+0*220 


9. 


-0-152 


20. 


-0115 


27. 


+ 0-360 


8. 


-0*514 


19. 


-0*178 


30. 


+ 0*337 


10. 


-0*267 


21. 


+0-099 


28. 


+0*178 


9. 


—0-346 


20. 


-0-132 


31. 


+ 0*381 


11. 


—0-053 




+0-190 


29. 


+ 0*178 


10. 


-0-191 


21. 


+0*030 


Aug. 1. 


+ 0-323 


12. 


+ 0-122 


23. 


-0-069 


30. 


+ 0*039 


11. 


-0*491 


22. 


+ 0-173 


2. 


+ 0*052 


13. 


+ 0-406 






Jaly 1. 


-0HI72 


12. 


—0-104 


23. 


+ 0*308 


3. 


+0-124 


14. 


+0-422 






2. 


+0-022 


13. 


+0*094 


24. 


+ 0*206 


4. 


—0*051 


15. 


+ 0*360 






3. 


—0-116 


14. 


+ 0*440 


25. 


+ 0*074 


5. 


-0*162 


16. 


+ 0-301 







The comparison of these numbers with the irregularities in the heights of the water 
amply supports the law of Daussy, Whewbll, and Bunt, that a negative irregularity 
in the height of the barometer is accompanied by a positive irregularity in the height 
of the sea, twelve or fourteen times as great as that of the barometer. 

Section XII.^ — Discussion of range of tide, or coefficient of first arc in the analysis 
of individual tides ; and of semimenstrual inequality in range, apparent proportion 
of solar and lunar effects, and age of tide as deduced from range. 

The tides were divided into groups of large tides and small tides, separated at the 
same times as those particularized in pages 29 and 96. For each of these groups the 
mean of the values of C^ was taken^ some deficient values being supplied by interpo- 
lation. The moon's parallax and the square of the cosine of the moon's and sun's 
declinations were taken for two days preceding each tide, and the means of these 
quantities were taken through the same groups. 

A general result will be obtained by forming the sum of the mean values of C^ for 
all the stations in each group. Thus we obtain : — 



I^Arge Tides. 1 


Period. 


Sum of mean values of 
Ci at all the stations. 


Mean value of cos^ 
moon's declination. 

• 


Mean value of moon's 
parallax. 


Mean value of cos' 
sun's declination. 


July 6. 
July 20. 
Aug. 5. 


h h 

l6toJulyl3. 3 

9 to July 28. 9 

OtoAug.ll. 16 


ft. 
117-43 
100-11 
129*11 


0-8742 
0-9076 
0-9260 


59 44 
54 41 

60 31 


0-8547 
0-8815 
0-9194 


1 






Small Tides. 


^ 




Period. 


Snm of mean yahies of 
0} at all the stations. 


Mean value of cos? 
moon's declination. 


Mean value of moon's 


Mean value of cos' 
son's decUnttioo. 


June 28. 
July 13. 
July 28. 
Aug. 11. 


h h 
6 to July 6.16 
3 to July 20. 9 
9 to Aug. 5. 
l6toAug.18.15 


ft. 

71-66 
84*63 
73-40 

77-84 


0-9427 
0-9202 
0-8965 
0-8697 


55 13 
58 19 
55 56 
57 34 


0-8456 
0-8666 
0-9012 
0-9378 
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Put M for the lunar effect when the square of the ^cosine of the moon's declination 
is 0*9 and her parallax is 57' ; m for the quantity by which this is increased for every 
increase of 1' in parallax ; s for the mean effect of the sun (the square of the cosine 
of his declination being 0*9) for one-fourth of a lunation, positive in the large tides 
and negative in the small tides, which bears to the absolute effect of the sun a rela- 
tion explained in page 34. The effect of the variations of the moon's parallax and 
declination upon the luni-solar tide, as is well known, is nearly the same as that on 
the simple lunar tide ; and thei*efore it will be cori-ect to refer the mean of the luni- 
solar tides to the mean of the moon's parallaxes and square of cosine of declinations. 
The variations depending on the moon's declinations are not strictly in the propor- 
tion of the squares of the cosines of her declination, but in the present instanice, 
where the means of the squares of the cosines are very nearly equal, may be assumed 
to be so without sensible error. Forming then an equation from each of the lines in 
the Table above by these considerations ; reducing them to four equations by retain- 
ing the second, taking the mean of the first and third, the mean of the fourth and 
sixth, and the mean of the fifth and seventh, and combining these so as to form three 
favourable equations, by adding all, by subtracting the sum of the third and fourth 
from the sum of the others, and by subtracting the sum of the second and third from 
the sum of the others, we obtain the following equations : — 

377-15= M X4'024-hmX 0-33— *X 0008 
69-61 = — Mx0008+mXl-29+*X3-938 
31-87= — MxO-036-hwX7'83—*X 0-026. 

From these we obtain M=93'4, in=4'56, ^=16'37. The moon's effect, therefore, 
for the parallax 57'+ w' may be represented by 93-4+4-56 Xn. If the moon's hydro- 
dynamical effect varied as the cube of her parallax (which is the law of variation of 
her statical effect), the formula would be 934+4-92 X n. The result of the movement 
of the water has therefore been, to reduce the elliptic variation of lunar effect by 

j:^ part, or by -^ part. 

Now it is shown in the Encyclopaedia Metropolitana, Tides and tVaves, Art. 448, 
that if the tides were created by the effect of the moon on the water in a uniform 
channel surrounding the earth, and if h were the earth's radius, h the depth of the 
water, g the acceleration produced by gravity in the unit of time, ri the moon's appa- 
rent angular motion round the earth (as estimated by a spectator who supposes that 
the earth does not revolve on an axis), and h the moon's angular motion from her 

perigee ; then the elliptic variation is changed by ^ • ^,2^^^ , part. Thus we obtain 

4 rib^h _ £ 

Makmg - = — > we find ^ = -g|j = ^ nearly ; and Ar = ^ • — • Observing that tih 
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slinear velocity pf a point at the equator produced by the earth's rotation, supposing 
the moon fixed, we easily find -—=13 miles nearly ; and thus our observations give 

if 

Depth of the sea =Ar=22 miles. 

If the channel were supposed to be a small circle of the earth instead of a large 
one, the resulting depth of the sea would be diminished in the proportion of the 
square of its diameter. 

Whatever may be supposed of the error of this result, or the inapplicability of the 
theory by which it is obtained to the circumstances of the seas, I may remark that it 
agrees generally with a result deduced from Mr. Whewblls discussions of the obser- 
vations at Bristol with reference to the moon's declinations*. 

Assuming however that we have correctly determined ■715^=5' we may proceed to 

remark that-f- the moon's hydrodynamical effect is represented by her statical effect 

multiplied by w_^^^a and by constants ; and that the sun's hydrodynamical effect 

is represented by his statical effect multiplied by w_^g^a and by the same constants. 

n^ 15 
If we consider "^5=71' then the hydrodynamical effect of the moon contains the 

multiplier 

gk _^''gk2 ^^ gk'io' 
5 

while that for the sun contains the multiplier 

L 1 _ 1 14 , 2. 28 

gk\_l5 S^gk' 5 ^^ gkio' 
14*5 

And therefore the proportion of the moon's statical effect to the sun*s is greater than 
the proportion of her dynamical effect to the sun's in the ratio of 28 to 25. And as 
the moon's hydrodynamical effect, deduced from the values of M and s above (93*4 

I'OO 

and 16'37), by the considerations in page 34, is nearly =5^28^ ^^'^'^ hydrodynamical 

I'OO 

effect. It follows that the moon's statical effect =^:^x sun's statical effect =4 X sun's 

statical effect. This conclusion differs widely from Laplace's ; yet it is formed, as I 
believe, on grounds as good as Laplacb's. 

For particular results applying to each individual station, regarding the semi- 
menstrual inequality in range and the apparent proportion of the solar and lunar 
hydrodynamical effects ; the mean value of C^ for large tides is found by taking the 
mean of the three values in the three periods of the last Table, and the mean value 
for small tides by taking the mean of the four values in the four periods of the last 

* Tides and Waves, Art. 553. t Ibid. Art. 448. 

MDCCCXLV. P 



106 



MR. AIRY 0I« TOE LAWS OF THE TIDES 



TaUe ; and then treating these in the same maimer as in the latter yart of the table 
on page 35. 



station. 



Kifbaha 

Kilrush 

Foynes Island. . • . 

Limerick 

Caflleh Bay 

Galway 

Old Head 

Mullaghmore .... 

Buncrana 

Port Rush ...... 

Carrowkeel 

Ballycastle 

Glenann • . 

Donaghadee .... 

Ardglass 

Clogher Head . . 

Kingstown 

Dunmore East . . 

New Ross 

Pftisage West.... 
Castle Townsend. . 



Mean of Ci ; 
large tides. 



IsrMean 






ft. 

6-12 
6-54 
7-35 

8-98 
6-35 
6*41 

5-59 
5-35 
5-84 
2-56 
3*35 
1-42 

2-89 
5-24 
6*90 

6-79 
5*26 
5-73 
6-16 
5-94 
4-79 



ofC^fiir 

small tides. 



Difference. 



ft. 
3-73 

4-19 
4-96 
6-21 
3-83 

3*89 
3-43 
3*25 

3-37 
1*38 
1-95 
0-88 

2-47 
3-96 
4-9€ 
4-81 
3-69 
3-91 
4-51 

4-19 
3-33 



ft. 

2-39 
2-35 
2-39 

277 
2-52 
2-62 
2-16 
2-10 
2-47 
1-18 
1-40 
0*54 
0-42 
1-28 
1-94 
1-98 
1-57 
1-82 
1-65 

1-46 



Mean, or M. 



ft. 
4-93 

5-37 
6-16 

7-69 
5-09 
5*15 
4-51 
4*30 
4-61 

1-97 
2-65 
M5 
2-68 
4-60 
5-93 
5-80 
4-48 
4-82 
5-34 

5-07 

4-06 



Difference 

divided by 

mean. 



0-48 
0-44 
0-39 
0-37 
0*50 
0-49 
0-48 

0*49 
0-54 
0-60 
0-53 
0-47 
0*16 
0-28 
0-33 
0-34 
0-35 
0-38 
0-31 
0-35 
0-36 



Corresponding 

Talaeof •—. 
M 



0-40 
0-36 
0-32 
0*30 
0-42 
0-41 
0-4<^ 
0-41 
0*46 
0-52 
0*45 
0-39 
0-12 
0-22 

0-27 
0-28 
0-31 
0-25 
0-28 
0-29 



For the age of tide as inferred from range, the times have been ascertained (by 
interpolating between the times in the Tables of formulae in Section X.) at which the 
actual value of C^ may be supposed to coincide with the mean value of Cj ; and the 
times thus found have been compared with the times at which the moon's hour-angle 
from the sun was 3^ 9^ 15^ 21^ namely, June 26, 6^ July 4, 16^ July 1 1, 3^ July 
18, 9S July 26, 9^ August 3, 0\ August 9, 16^ and August 16, 15^. An error is 
here committed alternately + and — , and therefore it is proper to use an even number 
of comparisons. Eight are used at every place except Ballycastle and Glenarm, where 
only six are used. [It is to be remarked that in the use of the formula in Section X.^ 
a number opposite to a bracket is always held to correspond to the mean of the two 
times embraced by that bracket.] The means of all the differences at each station 
between the times thus found from Section X. and the times corresponding to the 
hour-angles 3**, 9^ &c., are adopted in the following Table as the age of the tide. 
ITiese* are the trae ages of the tide. 



Station. 


Age of tide. 


Station. 


Age of tide. 


Station. 


Age of tide. 


Kilbofaa 

Kilrush 

Foynes Island. . . . 

Limerick 

Casleh Bay 

Galway 

Old Head 


d h 
1 20 

1 19 

1 21 

2 1 
1 20 
1 21 
1 22 


Mullaghmore .... 

Buncrana 

Port Rush 

Carrowkeel 

Ballycastle 

Glenarm . . « 

Donaghadee .... 


d h 
2 
1 20 
1 11 
1 14 

1 5 

2 9 
2 6 

• 


Ardglass 

Clogher Head . . 

Kingstown 

Dunmore East . . 

New Ross 

Passage West. . .. 
Castle Townsend.. 


d h 
2 2 
2 2 
2 
2 2 
2 2 
2 1 
1 23 



♦ Tides and Waves, Art. 545. 



OK THE COASTS OP IRfiLAKIK 



107 



Secdon XIIL — EstahUskment cf each port, 4U deduced frem the time of mmsimmm of 

the^fint periodical term in the aamlyeis ef individmmi tides. 

The preceding operations having made it sufficiently clear that the age of the tide 
differs little from two days, it is proper now to refer all the phenomena of the tide 
to an epoch two days earlier than the observation. A pi'ocess is therefoi'e adopted m 
this section differing in a trifling degree from that in Section VII. The times are 
taken at which the moon's hour-angle from the sun was 0'', 6^ 12^ 18^, and two days 
are added to these times : the resulting times are June 24, 9^ July 2, 20^ Juty 9, 19\ 
July 16, 21^ July 23,23^, August i, 16^ August 8, 4^ August 15, 5\ August 22, IC''. 
These times are assumed to divide the large lunitidal intervals from the small ones. 
For the lunitidal intervals at the high watei-s of the First Division, the moan's time 
of Greenwich transit is taken for that transit which precedes the high water by two 
days and a few hours ; for the high waters of the Second Division the moon's time of 
Greenwidi lower ti*aosit is interpolated. Comparing these times c^ tiunsit with the 
times of high water in the formulae of Section X., the lunitidal intervals coirespond- 
ing to lunar transits two days earlier are found. The means of these ai^ taken for 
the groups separated by the times specified above. Then, the means of the large and 
the small lunitidal intervals being adopted as the mean interval, a correction of 1^ 
41™ is applied subtractively, to reduce the interval after moon's transit two days pre- 
vious, to tlie interval after moon's transit on the same day as the tide (1^ 41™ being 
the difference between two solar days and two lunar days). Tl>e result is oontaiAed 
in the following Table. 



Station. 



Mean of large 

intervals from 

transit two days 

previoiu. 



Mean of small 

intervals from 

transit two days 

pievious. 



Mean of all the 

intervals from 

transit two days 

peevious. 



True 
eataUiahment in 
Greenwich time. 



Kilbaha 

Kilrusfa 

Faynea Island. . • • 

Limerick 

Caaleh Bay 

Gal way 

Old Head 

MuBagbmave .... 

BuDcrana 

Port Rush 

Carrowkeel 

Ballycastle 

Glenarm 

Donaehadee .... 

Ardglass 

Clogher Head . . 

Kingstown 

Danmore East . . 

New Rom 

Passage "West . . , . 
Castle Townsend.. 



h 
6 

7 
7 



m 

53 

6 

49 



8 19 
7 3 



7 
7 
7 



8 
19 
39 



8 27 

9 4 



9 
10 



48 

4 



12 53 

13 10 
13 14 
13 21 
18 26 

7 14 



8 

7 
7 



5 

26 
8 



h 
5 

6 

7 
6 
6 
6 
6 

7 
7 



m 
55 

7 

54 

27 
3 

9 
23 

37 
21 
50 



8 44 

9 2 
12 3 
12 16 
12 16 
12 24 
12 30 

6 16 

7 11 
6 31 
6 5 



h 
6 
6 

7 

7 
€ 

6 
6 

7 
7 



m 
24 
36 
21 
53 
33 
38 
51 
.8 
54 



8 27 

5 16 

9 33 
12 28 
12 43 
12 45 
12 52 
12 58 

€ 45 

7 38 

€ ^8 

6 ^4 



h 
4 
4 

i 
6 
4 
4 
5 
5 
6 
6 
7 
7 
10 

11 
11 
11 
11 
5 
5 

5 

4 



m 
43 
55 
40 
12 
52 

57 
10 

27 
13 
46 
35 
52 

47 
2 
4 

11 

17 

4 
57 

17 

53 



p2 
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Section XIV .—Semimenstmal inequality in time, proportion of solar and Itmar 
effects from times, and apparent age of tide as shown hy times ; deduced from the 
time of maximum of thejirst periodical term in the analysis of individual tides. 

Taking the difference of the means of large intervals and small intervals in the last 

Q 

Table, we deduce from them the value of j^ by the same formula as that employed in 
page 42. The results are as follows :-^ 



Station. 



Kilbaha 

Kilrush 

Foynes Island. . . . 

Limerick 

Casleh Bay 

Galway 

Old Head 

Mullaghmore . . . . 

Buncrana 

Port Rush 

Carrowkeel 



Difference of 


Value of 


means of large 


s 


intervals and 


M* 


small intervals. 


m 




58 


0-37 


59 


0-38 


55 


0-36 


52 


0-34 


60 


0-39 


59 


0*38 


56 


0-36 


62 


0-40 


66 


0-42 


74 


0-48 


64 


0*41 



station. 



Ballycastle 

Glenarm 

Donaghadee .... 

Ardglass 

Clogher Head • . 

Kingstown 

Dunmore East . . 

New Ross 

Passage West.. .. 
Castle Townsend.. 



Difference of 
means of large 

intervals and 
small intervals. 



m 
62 
50 
54 
58 

57 
56 

58 
54 
55 
58 



Value of 
S 



0*40 
0*33 
0*35 
0-37 
0-87 
0-36 

0-37 
0-35 
0*36 
0-37 



These are the true values of jj*, supposing that the process for finding them has 

been correctly followed. I omit here all deductions as to the absolute maximum of 
semimenstrual inequality in time at each station, for a reason that will be explained 
in Section XV. 

To obtain the apparent age of tide as shown by times, a process was used analogous 
to that in page 43 or that in page 106. The times were ascertained (by interpolating 
between the times in the Tables of formulae in Section X.) at which the actual interval 
of analysed high water from moon's transit two days previous coincided with the 
mean interval in the Table of page 107. These times were then compared with the 
times at which the moon's hour-angle from the sun was 0^6'*, 12^, 18**; namely, 
June 22, 9^ June 30, 20^ July 7, 19S July 14, 21^ July 21, 23^ July 30, 16^ August 
6, 4'', August 13, 5^ August 20, 16^ The difference was considered to be the appa- 
rent age of the tide as given by the times. The following are the results: — 



Station. 


Apparent age 

of tide from 

times. 


station. 


Apparent age 

A tide from 

times. 


Station. 


Apparent age 

of tide from 

times. 


Kilbaha 

Kilrush 

Foynes Island .... 

Limerick 

Casleh Bay 

Galway 

Old Head 


d h 

1 7 
1 10 

1 22 

2 7 
1 4 
1 3 
1 6 


Mullaghmore • • • . 
Buncrana ...... 

Port Rush 

Carrowkeel 

Ballycastle 

Glenarm 

Donaghadee .... 


d h 

23 

1 4 

9 
+ 1 
-0 14 
+ 1 12 

1 13 


Ardglass 

Clogher Head. . • . 
, Kingstown ...... 

Dunmore Fast . . 

New Ross 

.Passage West.. .. 
! Castle Townsend.. 


d h 
1 11 
1 11 

1 3 

2 7 
2 18 
1 23 
1 11 



* Tides and Waves, Art. 538. 
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The apparent age from times is at every littoral station, except Dunmore, consider- 
ably less than the age from range. At Port Rush the apparent age is small ; and at 
Ballycastle, the diminution procieeds so far as to change the sign of the apparent age. 
I cannot entirely explain this difference. It indicates that large tides arrive earlier 
(with reference to the hour-angles of the sun and moon) than small ones ; but I know 
not why this should happen. 

Section XV. — Comparison of the results as to mean height y range y semimenstrual in- 
equality in height^ age of tide obtained from height y establishment^ semimenstrual 
inequality in time, and age of tide obtained from timeSy deduced from high and 
low waters only, in Sections V., VI., VII., VIII., with those deduced from the anor- 
lysis of individual tides in Sections XL, XII,, XIII., XIV. 

With regard to the mean heights, we have to compare the results in Section V. with 
those in Section XI. And first for the mean height on the whole series of observa- 
tions. The stations which appear best adapted to enable us to decide on the adop- 
tion of Mean Heights or Apparent Mean Heights as our standard (that is, as most 
nearly related to the height of water unaffected by tides) are those upon the Shannon. 
And these leave no doubt that the Mean Heights (deduced from the analysis) ought 
to be adopted. In a current river, it is inconceivable that the height at a lower 
station (as Foynes Island) should be equal to that at the highest station (Limerick), 
as it would be if we relied on apparent mean heights. These are the only stations 
which throw much light on this subject, for at Dunmore East and New Ross (river 
stations) the two results agree ; and, at the littoral stations, there is on the whole no 
difference of a critical kind. At the two quasi-river-stations of Buncrana and Car- 
rowkeel, we have on both systems discordant results, one giving a mean level higher 
and the other lower than that of the more exposed stations. The extreme diminution 
of the range of tide between Port Rush and Glenarm causes no sensible alteration of 
the mean level, in either system of results. The greater elevation of the mean level 
at the northern part of the island is equally well-marked in both. For the variation 
of mean height under different circumstances of large and small tides, large and 
small declinations of the moon, and increasing and decreasing declinations of the 
moon, the comparison of the numbers on the two systems gives little subject for 
remark, except that the difference between large and small tides in the Shannon sta- 
tions seems to be more strongly marked in the mean heights than in the apparent 
mean heights. This however does not well accord with the idea of a standard height. 
It will be I'emarked that at Limerick the difference between the mean height and the 
apparent mean height is nearly a foot. 

With regard to the range of the tide, we have to compare the " Mean Range" in 
the 8th column of the Table in page 35 with the double of " Mean or M" in the 5th 
column of the Table on page 106. Neglecting the differences of 0*01, we may assert 
that> at all the stations except Mullaghmore and Dunmore East, the apparent range 



110 MR. AIRY ON THE LAffS OF THE TIDES 

18 greater than 2 C^ in the formuUe of Section X. ; and that in the river-stations the 
difiference is considerable. Without accountings for the two exceptions^ I may remade 
that this shows that the departure from the pure form of tide depending on a single 
sine is^ at all the other stations, similar in some important points of its character to 
that in a river tide. The nature of the tide at each station will be examined more 
accurately in Section XVI. 

With regard to the semimenstrual inequality in height and the apparent value of 

8 

jT, we have to compare the two last columns of the Table on page 105 with the two 

similar columns of the Table on page 35. Hie numbers are so nearly eqnal that we 

S 
cannot assert that there is any certain difference. Thelarge value of w at Port Rush^ 

the small value at Glcnarm, and the general smallness from Donaghadee to Castle 
Townsend (like that in the river station Limerick) are equally nutrked in both. 

With regard to the age of the tide as obtained from heights or ranges (which^ as I 
have stated before^ is the true age of the tide)^ we must compare the results on page 
105 with those on page 38. They agree, on the whole, very well; though the ages 
deduced from the analysis appear to be somewhat smaller than those deduced from 
high and low waters. The ages deduced from the analysis also agree better among 
themselves. The diminution however from Port Rush to Ballycastle is remarkable. 
The general result seems to be that on the south-western coast of Ireland the age of 
the tide is about one day twenty hours. 

For the establishment, we must compare the Table of page 106 with that of page 
39. Only at Limerick and New Ross is the difference considerable : at these sta- 
tions it amounts to about twenty minutes. 

For the semimenstrual inequality in time, we must compare the numbers in page 
107 with those of page 42. And here it will at once be remarked that a great and 

important change has been made in the resulting values of ^ by the new mode of 

treating them. The values at Old Head and Glenarm and the following stations are 
increased, and those at Port Rush and Ballycastle are diminished, till they agree suf- 
ficiently well with the others. This change arises from two causes. First, the deter- 
mination of times from the analysis is vastly more accurate than that from the esti- 
mation of the times of high and low water. Secondly, in Section VIII. the groups 
for large intervals and small intervals were divided at each station from a consideration 
of the magnitudes of the intervals themselves, whereas in Section XIV. they were di- 
vided from consideration of a totally different circumstance, namely the age of the tide 
as shown by the time of occurrence of the mean value of range. Strange as it may 
appear, the former method was incorrect, and the latter is correct. The former method 
is affected by a circumstance which ought not to enter into the formation of tliis result 
at all, namely the change in the time of station-tide, not depending on the change in 
the time of sea-tide, but depending on the change which fhe character of the tidal for- 
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miila ID Section X. undergoes when the magnitude of the range is altered. Thns^ the 
maximum and minhnun intervals of sear-tide (which are the objects of oor search) 
Qoeor at the times (corrected for age of tide) ^^fhen the moon*s honr-angle from the 
sun is -3^ 9^, &c. But from hour-angle 9^ to hour-angle 12^ the range of tide is in- 
creasing : the modification of time of station*tide as related to time of sea-tide is 
tberefoi*e increasing ; a second inequality of time is therefore combined with the &vEt^ 
having a different time of vanishing : the time of vanishing of the compound in- 
equality is therefore different from that of the first inequality, and the maximum mag- 
nitude of the compound inequality is different from that of the first. And this pro- 
duces its ftill effect if we make our divisions of groups with reference to the time of 
vanishing of the compound inequality* But if we make our divisions strictly at the 
times when the first inequality ought to vanish, then, though every individual time 
be affected by the second inequality, yet there are the same number of Instances 
affected in the same way on opposite sides of our places of division, and their effect 
(fisappears in the final result. But as the full compound effect is not used for our 
final result, conversely we cannot from our final result infer the maximum magni- 
tude of the full compound effect, or the maximum value of the seniimenstrual in- 
equality in time. 

* These considerations appear to be deserving of the utmost attention in investi- 
gating the most important single result which can be deduced from the tides, namely 
the proportion of the hydrodynamical effects of the sun and the moon. 

Th6 mean of all the values of j^ in page 108 is 0'38. It is probable that, on at- 
tending more scrupulously to the age of the tide at the different stations, results 
would have been found agreeing more closely with each other : but I think it likely 
that the mean would scarcely have been altered. 

With regard to the apparent age of tide obtained from times, we must com- 
pare the numbers in page 108 with those in page 44. The general result of the com- 
parison is, that the mean of the opposite ages deduced from high and low water 
agrees with that deduced from the analysis as nearly as can be expected (vvhere a 
small error in the estimated time of high or low water would produce a great effect 
on the resulting age). They agree in giving a small apparent age at Port Rush and 
Baliycastle. The ages deduced from range agree also in this. Now this result* is 
exactly that which would follow from the supposition that a tidal wave with a large 
range travels more quickly over the shallow bottom than one with a small range : 
and that this holds not for the phase of high water or low water only, but for the 
zero of the angle p. Or it would follow from the supposition that a wave of short 
period travels more quickly than one of long period (the tidal day near conjunction 
being shorter than that near quadrature). Neither of these points has been esta- 
blished by theory ; but the former appears to be very probable. 

• * Tides and Waves, Art. 463. 
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Section XVI. — Remarks on the succeeding terms of the expressions for individual tides, 
as related to the magnitude of the tide, to the position on the sea-coast, to the 
position on the fiver, Sgc. ; comparison with the terms given by the theory of waves ; 
discussion of the quarto-diurnal tide. 

In order to reduce to a smaller number the numerous formulae of Section X., and 
to render the relations of their coefficients and arguments at once accurate and di- 
stinct, the formulae have been divided into groups corresponding to large tides and 
small tides, the times of division being the same as those used in the discussions of 

32 

the semimenstrual inequality of height. Then, for the large tides, the numbers — Ag 
have been collected and their mean has been taken ; similarly, the mean of the numbers 

32 

— Bg has been taken ; and from these, by the treatment descnbed in Section X., a 

term similar to Cg sin (2 phase +<p2) is formed. The mean of all the angles (p^ is also 
taken, and its double is subtracted from the number corresponding to (p2- A similar 
process is used for 3 phase and 4 phase. As for some tides (p^ is nearly equal to 90^ 
and for others is nearly equal to 270^ ; the expressions in the latter case are made to 
admit of combination with those in the former case by subtracting 180^ from ^| and 
by changing the signs of A3 and B3. The small tides are treated in the same manner. 
The following Table contains the result. 
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Variable part of tbe formulse for the elevatioa of tbe water at each of the Stations in 
Lai'ge Udes and Small Tides. 



KilbaUa 


•{ 


Large titles. 
Small tides. 


6-13. sin;? 
3-73. sinp 


fi. 
+0-16. 


in(2;) + l64) +0-03. 
jin(2;» + 208) +0-06. 


in(3/) + 23l) +0-03. 

in(3;) + 248) +0-01. 


in (4/)+ 88°) 
in(4p + 120) 


Kilrush 


•■{ 


Large tides. 
Small titles. 


6-54. sin;) 

4-19 -sin/^ 


+ 0-19. 

+ 0-13. 


in(3;)4-104) +0-0G. 
in(2;)+128) +0-06. 


in(3;»+195) +0-03. 
in(3;) + 210) +0-03. 


in(4p + 167) 

in(4p + 175) 


Foyncs Island .... 


/.Large tide,-. 
' \ -Small tides. 


7-35. sin/. 
4-96. sin;) 


+ 0-55. 

+ 0-37. 


in(2p+ni) +0-26.sin(3;) + l62) 4-0-03. 
in(3;j + 124) +0-11 .sin(3;)4- 175) +0-01. 


in(4p+277) 
in(4p + 327) 


Limerick 


■■{ 


Large tides. ,8-98-Bin/j 
Small tides. G-31.gin;> 


+ 0-90. 

+ 0-74. 


iu(2/,+ 75) +0-68. 
!n(2/,+ lll) +0-40. 


in (3;) +125) +0-38. 
in(3/, + 145) +0-15. 


in(4p + 160} 

in(4p+182) 


Casleh Bay 


•{ 


Lai-ge tides. 
Small tides. 


6-35. sin;, 
3-83. sin;) 


+ 0-1S. 
+ 0-07. 


in(2;)+lG5) +0-12. 
iu(;2/> + 219) +0-07. 


in(3;) + 214) +0-06. 
in(3p + 238) +0-03. 


in(4p + 348) 
in{4p+ 35) 




■■{ 


Large titles. 
Small tides. 


6-41 .sinp 
3-89.sin;> 


+ 0-18. 
+ 0-08. 


in(2;)+157) +0-18. 
in(2;) + 204) +0-12. 


in(3/) + 204) +0-16. 
in(3p + 233) +0-04. 


in(4p + 349) 
in(4p+ 38) 




OU Hea<l 


f Laigc tidts. 
■• l.|Sma!l tides. 


5-59. 'in;) 
3-43. sin;) 


+ 0-08. 
+ 0-04. 


in(3;)+154) +004. 
in(2;» + 2l6) +0-10. 


in(3/, + 196) +0-04, 
in(3/)+357) +0-01. 


in (4^ + 282) 
in (4;. + 337) 


Mullaghmore.... 


fiLarge tides, 
■■ \ Small tides. 


5-35 . sin /I 
3* 25. sin;) 


+ 0-06. 

+ 0*04, 


ln(2/) + )60) +0-07. 
in{2;) + 217) +0-03. 


in(3;)+ 14) +0-06. 
in(3;)+134) +0-03. 


in (4/, + 184) 
in(4p + 254) 


BuDcrana 


/ Large tides. 
■ ■ \ Small titles. 


5-84. sin;) 
3-37- sin;) 


+ 0-14. 
+ 0-04. 


in(2;) + l65) +0-OS. 
in(2;, + 199) +0-04. 


in(3p+262) +0-04. 
in(3;)+256) +0-01. 


in (4^ + 295) 
in(4p + 237) 


Port Rush 


f Large tides. 
■ \ Small tides. 


2.56. sin;) 
1.38. sin/) 


+ 0-08. 
+ 0-04. 


i.i(2/. + lS3) +0-12. 
in(2;.+2i0) +0-07. 


in(3p+257) +0-01. 
in(3jo + 287) +0-02. 


in(4p + 207) 
in(4p + 172) 


Carrowkeel 


f Large titles. 3-35 .e,\ap 
• \ Small tides. ,1-95. sin;7 


+ 0-(I7. 
+ O-01. 


in(:2p + 238) +0-11. 
in(2;)+319) +0-06. 


in (3/) + 205) 

in(3;) + 199) +0-01. 


in(4p+152) 


Ballycastle 


f Large titles. 1-42. ainp 
■■ \ Small tides. 0'88.sin;. 


+ 0-07- 
+ 0-06. 


tn(3p + 308) +0-07. 
in(2/, + 338) +0-03. 


in(3/)+276) +0*03. 
in(3;» + 311) +0-01. 


in(4;, + 218l 
in(4p+293) 


Glenarm 


/Large titles. 2-89.sin7J 
'■ \ Small tides. |2-47.sinp 


+ 0-17. 
+ 0-05. 


in (2/)+ 76) +0-07. 
in (2;,+ ."iO) +0-04. 


in(3p + 227) +0-01. 
in(3;; + S37) 


in(4p+310) 


Donagliadee ... . 


/ iLarpe titles. 5*24 . sin^ 
■ \ Small tides. |3-96. sin;) 


+ 0-07. 
+ 0-03. 


iiif2/)+ 56) +0-03. 
in(2/) + 318) +0-03. 


in(3;) + 174) +0-01. 
in(3/,+ 230) +0-01. 


in (4;) + 337) 
in(4p+ 85) 


Aidglaas 


■{ 


Large tides. 6-90. stii;* 
Small tides. 4'96.3in;j 


+ 0-18. 
+ 0-07. 


in(2/.+ 98) +0-04. 
in(3/) + lI7) +0-04. 


in(3;j + 145) +0-03. 
in(3;i + 217) +0'03, 


in(4p+125) 
in(4p+l6l) 


CloghcrHead.... 


•{ 


Laige tides. 6'79.sinp 
Small tides. 4-81. sinp 


+ 0-26. 
+ 0-13. 


in (3/. + 109) +0-08. 
in(2;) + U3) +0-07. 


m(3;,+ l66) +0-01. 
in(3;>+180) +0-02. 


in (4;) + 233) 

in<4p + 241) 


Kingstown 


■•{ 


Large tides. '3-26. sin/) 
Small tides. 3-69, siti;> 


+ 0-38. 
+ 0-23. 


in(2;)+143) +0-03. 
in(3;)+lG5) +0-01. 


m(3;)+ 7) +0-02. 
in(3/) + 225) +0-02. 


m (4^+118) 
in^p+i7l5 


Dunmore East . . 


/ Large tideB..'5-73.5in;i 
■ \.Small tides. 3-91. sinp 


+ 014. 

+ 0-11. 


\n(2p+ 12) +0-15. 
in (2;)+ 3) +0-03. 


n(3;)+ 94) +0-01.sin(4/) + 288) 
in(3;. + 103) +0-01 .sin{4;i + 198) 


New Uoss 


{ 


Large tides. 
Small tides. 


6-16. sinp 
4-51.sin;j 


+ 0-47. 
+ 0-30. 


in(2;) + 348) +0-26.sin(3/. + 101) +0-03. s 
in(2/)+346) +0-l6.8in(3/,+ 95) +0-01. s 


n(4p+ll6) 
n(4/j+ 63) 


Passage West.... 


■{ 


Large tides. 
Small titles. 


5'94-sin;, 

4-19.sin_p 


+ 0-29. 
+ 024. 


in(2;) + 298) +0-09.8 
in(2;, + 3l6) +0-07. s 


n(3p+ 87) +0-04. s 
m(3p+ 95) +0-02.6 


n(4p+ 73) 
in(4p+ 43) 


Castle TowDsend. 


■{ 


Large tides. 
Small tides. 


4-79. sin;. 
3-33. sin;) 


+0-21 . 
+ 0-1G. 


in(2p + 297) +0-04.Bin(ap+259) +0-02.8in(4;) + 33n 
in(2/)+310) +0-03.8in(3p+302) +0-03. sin (4;j+ 73) 
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In order to institute a comparison of these numerical results with the formulae given 
by theory, it may be convenient to premise the following expressions : — 

If the tide were created in a uniform channel, forming a great circle round the 
earthy the expression for the height of the water would have the form 

A.sinp+B.sin 2p+90^ 
where B wonld have the same sign as A if the velocity of the tide-wave were greater 

than \/ x> ^ being the depth of the channel. 

If the tide at the mouth of a gulf be a pure tide, or one in which the elevation is 

expressed by a . sinp, then the elevation at any point in the bay will be expressed by 

the formula 

A.sin/>+B.sin2p+90^, 

where (in the case of a gulf sufficiently long to have a tidal node) A and B have dif- 
ferent signs from the mouth of the gulf to the node, and afterwards have similar 
signs. 

If the tide at the mouth of an indefinitely long river be a pure tide, then the eleva^ 
tion at any point in the rivei* will be expressed by the formula 

A.sinp-f-B.sin2/i, 
where B has the same sign as A if the section of the river be a parallelogmm, but 
may have the opposite sign if the section expand very much at the top. 

^,, B. ..^i..i 1 vertical oscillation of the water 

In all cases j is a quantity of the same order as depth of the water 

I shall now proceed to examine the results deducible from the last Table. 

The stations Kilbaha, Casleh Bay, Old Head, Mullaghmore, may fairly be consi- 
dered as littoml stations on the open Atlantic ocean. And their formulae agree among 
themselves almost absolutely to the second term, and in a great measure to the third 
term. They show clearly that the Atlantic tide there is not a pure tide. But the 
form of the argument does not agree with either of the two first formulae just cited^ 
which alone can apply to it. At Castle Townsend, which is nearly as much exposed^ 
but on a different side of the island, the formula agrees pretty well with the first of 
those above, supposing the depth of the sea very great. 

At Dunmore East the tide has nearly assumed the form of a river tide. 

Proceeding from Kingstown (where the character of the tide is similar to that at 
Kilbaha, &c.) to Clogher Head, Ardglass, and Donaghadee, the argument of the 
second term undergoes a progressive change, its phase being less advanced. As the 
epoch of the first term is absolutely the same at these stations (the tide being simul- 
taneous at all of them), it appears tliat the wave represented by the second term is 
progressive. It seems therefore that it does not originate in the peculiarities of a 
gulf-tide (contained in the second formula just cited), but that it has been created 
either on the open sea or in the shallower water between Ireland and Cornwall, and 
now travels on as an independent wave. 
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From M ullagbmore to Port Rush, the second wave appears to travel with the 
same speed as the principal wave. In passing through the narrow channel to Gtea<- 
arm, its phases appear to increase much more i*apidly than those of the principal 
wave ; or, it appears to travel more slowly, or in the opposite direction. This bow- 
ever is probably only an instance of the forced progression of the phases of wave im 
the channel connecting two tidal seas. 

The general relations however of the waves depending on 2p at the different littoral 
stations will be seen more clearly from the following process : — ^Take the establish- 
ment of each station from Section XIII., and convert it into degi*ees at the mte of 
1440^ for a tidal day, and subtract the angle thus found from the angle added to 2p, 
It is evident now that our phase p' at every station is referred to the same origin, 
namely to the time of the moon's transit at Greenwich. The expressions thus ob- 
tained for the quarto*diumaI waves are the following : — 



station. 



Large tides. 



Kilbaha .... 
Casleh Bay . . 
Galway .... 
Old Head .. 
Mullaghmore 
Port Rush . . 
Ballycastle . . 
Glenarm . . . • 



ft. 

0*1 6 .sin I 
O'lG.smi 
0-1 8. sin I 
0*08. sin < 
0-06. sin I 
0*08 .sini 
0*07.3in 
iO-17.smi 



2p'+244 
'2/9'+ 235 

'2p' + 223 

V+198) 
V+113) 
V + 203) 
2/>' + 166) 



Small tides. 



SUtion. 



ft. 

0*08. sin 
0'07-sin 
0*08. sin 
0*04. sin 
0*04. sin 
0-04.sin 
0-06. sin 
0-05 .sin 



(2/ +295) 
2/i'+296) 

2/ +277) 
2^ + 278) 
2y+2€3) 
2^ + 190) 
2p' + 245 
2/+ 147 






Donaghadee 

Ardgiaas 

Clogher Head. . 

Kingstown 

Dunmore East • 
Passage West. . 
Castle Townsend 



Large tides. 



ft. 

0-07. sin 
0-18. siD 
0-26. sin 
0-38 .sin 
0*14. sin 
0-29 .sin 
0*21 .sin 



t 



2;?'+ 122 
2/>' + l63 

2^ + 167 
2^+195) 
2y+ 72) 
2^+344 

2p'+ 7 



'^ 



Small tides. 



I 



ft- 
0*03.8in(2/+ 41 

007.8in (2^+199 

0*13.sin(2/?' + 218) 

0-23. sin (2/i' + 235) 

0*11. sin ?2/>'+ 71) 

0*24. sin (2p'+ 10) 

0-l6.8in(2p'+ 27) 



The expressions for Conrtown, the station intei*mediate between Kingstown and 
Dunmore £ast^ are (as I remark by anticipation from the next section) intermediate 
between those for Kingstown and Dunmore £ast^ but nearly coinciding with the 
former. 

The variations in the values of the constants attached to 2p in the I'able of page 
113^ seem to make it impossible for us to attribute this term to the local circuia^ 
stances of each port, and the consideration of the Courtown tides in the next section 
will confirm this. The order of the nuinbei'S attached to 2// in the last Table shows 
that it may be considered as a progressive wave, beginning at Kingstown nearly, and 
travelling both ways round the coast as far as Donaghadee. But whether such a 
thing is mechanically possible, or whether it can be true that the quarto-diurnal wave 
(which necessarily is created by the semidiurnal wave flowing over the shallower 
seas betVeen Ireland and Cornwall) can show itself as a great swell opposite Kings- 
town, and can then be propagated even opposite to the semidiurnal wave and round 
the island^ are points which I cannot explain. 

On the whole, I am not able to pronounce with any confidence on the origin of 
this wave, but I have no doubt that, having been created, it travels along indepen- 
dently, and therefore that its existence is not due to the local circumstances of the 
several stations. 

q2 
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In regard to the river stations^ I may remark that the Shannon does^ in conse- 
quence of the barriers to the tide at Limerick, resemble a gulf in its tidal character; 
and the second of the formulae above ought therefore to apply to it ; and, as will 
easily be seen, it does apply with considerable approximation. The river Barrow^ 
upon which New Ross is situated, is not obstructed in the same manner, and there- 
fore we might expect the third formula to apply, and it does apply very nearly. 

I omit discussion of the third and fourth terms, because theory, in a shape appli- 
cable to cases of nature, has not yet been extended sufficiently far. I may however 
observe that, as I have shown with regard to the tide at Deptford*, and to those at 
Southampton and Ipswich^, so also at Limerick, and in some measure at Foynes 
Island and New Ross, the third term is almost as important as the second, and the 
fourth is one of considerable magnitude. 

I may also call the attention of the wave-theorist to this circumstance, that the 
difference between the coefficients for large tides and for small tides does not appear 
sufficiently great in relation to the difference between the coefficients of the first term 
for large tides and small tides. The coefficient of the first term being considered as 
of the first order, that of the second term would consist of a series whose leading 
term was of the second order, &c. The departure from the proportions given by 
this consideration may depend upon the succeeding terms of the series. 

It is also to be remarked that there is an undoubted difference between the argu- 
ments for large tides and for small tides. This seems to show that each sine is ac- 
companied by a cosine, and that their coefficients have, for their leading terms, terms 
of different orders in respect of the first coefficient of semi-range. 

Section XVII. — Separate discussion of the tidal observations made at Courtown. 

The observers at Courtown soon discovered that it was impossible to adhere to the 
instructions sketched in Section L The tide was sometimes apparent as a semi- 
diurnal tide, but with considerable irregularity; at other times, the character of 
semidiurnal tide was (to common observation) completely lost, and in its stead there 
was a small tide four times a day ; in all cases the tide was small. In this state of 
things, the course which they adopted was, to observe continuously whenever the 
semidiurnal tide was not distinctly marked, and to follow the usual rule (with some 
extension of observations) when it was well-marked. In this manner a tolerably 
complete and very important set of observations has been secured. In several cases 
the observations have been interrupted by the discharge of water from the sluices 
for scouring the harbour of Courtown ; in some instances there has been no difficulty 
in filling up the observations by conjecture, in others I have been obliged to adopt 
the limits of the tide (in the form of analysis) to these interruptions. 

In order to apply the method of analysis explained in Section X., it was necessary 
to fix upon precise limits for each tide. But as no limits could be obtained at Cour- 

* Philosophical Transactions, 1842, p. 4. f Ibid. 1843, pp. 49 and 53. 
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town (as at other stations) from the observations themselves, it was necessary to take 
them from another station. The station selected for this purpose was Ardglass. 
The limits and the divisions into twelfths and sixteenths for Ardglass were therefore 
adopted for Courtown, as far as the continuity of observations permitted. Where 
(as is just mentioned) it was necessary to change the limits, this was done if possible 
by altering the limits and all the divisions by three or six of the twelfths (correspond- 
ing to four or eight of the sixteenths) ; in other cases they were all altered by a defi- 
nite time. Then the means of the heights in these observations were treated in the 
usual way. 

A correction for diurnal tide was indispensable (the diurnal tide being, at some 
times, as large as the semidiurnal). For obtaining this from the observations there 
were two means. One was, by means of the investigations connected with tertio- 

• 

diurnal tide to be detailed in the next section. These gave the diurnal tide for the 
beginning and the fourth parts of each of the whole day's group used there. These 
were the diurnal coefficients proper to be used in the semidiurnal groups composing 
each day^s group. But the corresponding diurnal coefficient applicable at the times 
of any Ardglass high or low water was easily deduced from them by taking the sum 
of the products of the coefficients next it by the cosines of their respective distances 
from it (considering 360® as corresponding to a tidal day). Another method was, to 
select from the observed heights those which corresponded to the times of Ardglass 
high water and Ardglass low water, and to treat them by the method of fourth differ- 
ences explained in Section III. ; as these heights ought (in relation to each other) to 
be perfectly free from the effect of semidiurnal tide and of all tides occurring at por- 
tions of a semidiurnal tide. Using then these two methods, and adopting the mean 
of their results when both could be applied, a number of diurnal coefficients were 
obtained from the observations themselves. On comparing these with the diurnal 
coefficients at the neighbouring stations, it was found that the coefficients at Courtown 
might very well be represented by the mean of those for Kingstown and Dunmore 
East at the same time. Accordingly, for all the times for wh|ch no diurnal tide 
could be safely extracted from the observations, the mean of coefficients for Kings- 
town and Dunmore East was used ; and from these, when necessary, the coefficients 
for other times were deduced by the operation described above. The process then 
pursued was exactly the same as in other cases, except that no correction was at- 
tempted for rise of water. The results are the following, which differ in form from 
preceding results only in this circumstance, that the origin of phase is the time of 
mean water at Ardglass preceding high water, and that therefore an angle expressed 
by a number of degrees must be added to the phase to form the argument of the 
first variable term. 
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Height of tlie water in 
where the origin o 



each individual tide at Coartown, excluding dinmal tide, 
fp is at the same time as at Ai'dglass (p. 82 and 83), 
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June 23. 


20 13 
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109 


0-43 
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0-03 
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23. 


20 46 


17-30 


0-74 


91 


0-36 


133 


0-05 


93 
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0-36 
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180 


0-04 


SO 


25. 


10 n 




















25. 


22 18 
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0-78 
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0-08 
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10 13 




















26. 
S7. 


22 9 
10 21, 


16-55 


0-46 


107 


0-33 


122 


0-03 


178 


0-04 


200 


27. 
28. 


22 5 
10 30 


16-58 


0-38 


125 


0-29 


128 


0-04 


160 


0-04 


152 


28. 
29. 
29. 
30. 
30. 
July 1. 


22 33 
11 24 
22 42 
9 29 
21 3 

8 50 
21 14 

9 31 


16-66 


0-17 


133 


0-22 


130 


0-03 


238 


0-08 


298 


16-64 


0-25 


112 


0-05 


130 


0-05 


106 


0-01 


217 


16-71 


0-17 


199 


0-24 


130 


0-03 


275 


0-02 


314 


16-59 


0-18 


199 


0-28 


149 


0-03 


164 


0-03 


60 


16-69 


0-36 


251 


0-19 


126 


0-02 


59 


0-03 


237 
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138 
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0-03 
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17-05 


0-26 
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0-33 


106 


0-08 
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0-n 


178 


17. 
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17-U 


0-09 


278 


0-15 


150 


0-11 
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0-10 


358 


17. 


22 4 


16-89 


0-10 


283 


0-38 


135 


0-01 


160 


0-03 


164 
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18. 
19. 
19. 
20. 
SO. 
21. 


2 39 
15 45 

5 18 
19 5 

7 58 
19 41 
7 36 


16-90 


0-01 


155 


0-35 


115 


0-17 


106 


0-08 


231 


16-81 


0-18 


130 


0-37 


142 


010 


40 


0-12 


113 
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0-17 


93 


0-29 


115 


0-16 
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122 


0-10 


131 


16-80 


0-58 
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0-22 


151 


0-04 


294 


0-03 


341 


16-61 


0-57 


93 


0-36 


138 


0-05 


169 


0-05 


233 


21. 
22. 


20 21 

8 22/ 


16-47 


0-74 


91 


0-28 


141 


0-04 


131 


0-01 


19 
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expressed by the formula AoH-Cisin(p+/ri)+Cjsm(2;)+C2)+C38in(3;>+C3)+C4ffln(4p+c4), 
and p increascB bj 360° daring one compleCe tide at Ardglass. 
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158 


84. 


9 18 




















24. 


81 28 


16-51 


0-74 


103 


0-23 


125 


0-18 


211 


0-05 


198 


2S. 


9 41 




















85. 
26. 


21 54 




Ifi-37 


0-73 


105 


0-35 


128 


007 


348 


0-02 


270 


10 17 




16-36 


0-80 


102 


0-21 


155 


0-12 


106 


0-02 


76 


26. 


22 25 




16-41 


0-60 


111 


0-27 


124 


0-06 


168 






87. 


10 35 




16-34 


0-61 


106 


0-25 


129 


0-04 


130 






27. 


S3 13 




16-42 


0-39 


108 


0-30 


117 


0-04 


155 


0-03 


341 


28. 


n 7 




16-37 


0-35 


109 


0-10 


127 


0-D6 


171 


0-04 


161 


28. 


22 37 




16-44 


0-52 


168 


0-23 


128 


0-07 


148 


0-01 


222 


29. 


10 2 




16-36 


0-24 


163 


0-22 


132 


0-04 


254 


0-06 


341 


29. 


81 2S 




16-38 


0-25 


208 


0-24 


109 


0-02 


61 


0-03 


43 


30. 


8 42 




16-31 


0-25 


233 


0-24 


134 


0-05 


10 


0-06 





30. 


20 35 




16-25 


0-41 


247 


0-18 


116 


0-01 


106 


0-03 


345 


31. 
31. 


8 38 
20 65 




16-21 


0-43 


259 


0-19 


150 


0-01 


249 


0-02 


18 


Aagart 1. 


9 8 


16-37 


0-48 


266 


0-27 


118 


0-02 


87 


0-02 


107 


I. 


21 6 


16-53 


0-34 


287 


0-21 


148 


0-02 


46 


0-02 


36 


2. 


9 20 


1657 


0-36 


305 


0-25 


149 


0-01 


226 


002 


78 


2. 


19 45 


16-42 


0-09 


9 


0-26 


160 


0-05 


30 


003 


123 


3. 


7 36 


16-32 


0-22 


31 


0-31 


169 


0-02 


63 


0-02 


39 


3. 


18 27 


16-48 


0-35 


83 


0-20 


148 


0-06 


110 


0-03 


177 


4. 


6 44 


16-47 


0-60 


82 


0-26 


170 


0-09 


45 


0-09 


ISl 


4. 


19 17 


16-76 


0-88 


79 


0-35 


152 


0-04 


274 


007 


27 


5. 


8 1 


16-73 


1-13 


69 


0-41 


1.^6 


0-04 


2lfi 


0-05 


80 


5. 


20 


16-68 


1-83 


SO 


0-S3 


140 


0-09 


63 


0-08 


65 


6. 


8 18 




















6. 


20 36 


16-65 


1-53 


78 


0-41 


110 


0-11 


128 


0-05 


3 


7. 


9 5 




















7- 


21 34 


16-46 


1-89 


75 


0-46 


141 


0-03 


169 


0-06 


127 


8. 


9 56 




















8. 


28 18 


16-64 


1-70 


74 


0-58 


127 


0-07 


118 


0-01 


235 


9. 


10 4 




















9. 


21 50 


17-31 


1-60 


114 


0'28 


225 


0-21 


48 


0-09 


226 


10. 


10 45 




















10. 


S3 40 


16-56 


1-32 


82 


0-33 


127 


0-11 


S69 


0-09 


215 


11. 


11 B7 




















12. 


14 


16-62 


0-59 


88 


0-41 


142 


0-03 


329 


003 


141 


12. 


13 15 


16-63 


0-68 


72 


0-28 


120 


0-05 


222 


0-03 


69 


12. 


83 49 


16-26 


0-09 


125 


0-29 


120 


0-06 


356 






13. 


9 26 


16-29 


0-11 


209 


0-31 


123 


0-11 


89 


0-01 


247 


13. 


20 64 


16-20 


0-25 


274 


0-27 


117 


0-07 


88 


0-11 


187 


14. 


8 41 


16-39 


0-34 


260 


0-39 


160 


0-05 


354 


0-01 


218 


14. 


21 8 


16-32 


0-34 


287 


0-35 


126 


0-06 


243 


0-03 


235 


15. 


9 33 


16-35 


0-39 


277 


0-21 


130 


0-04 


27 


0-02 


208 


Ifi. 
16. 
16. 


21 60 
10 6 


16-55 


0-13 


307 


0-17 


148 


0-03 


1S7 


0-02 


350 


16-31 


0-25 


300 


0-24 


113 


0-08 


94 


0-05 


178 


17- 


6 30 


16-78 


0-21 


78 


0-14 


122 


0-05 


169 


0-02 


47 


17. 


18 41 


16-58 


0-19 


84 


0-28 


120 


0-07 


250 


0-08 


325 


18. 


7 24 




















18. 


20 7 


17-07 


0-17 


64 


0-30 


122 


0-05 


76 


0-04 


90 


"20.' 


" '20' 20 


'16-57 


0-92 


"*89 


0-23 


123 


0-04 


124 


0-02 


'267 



120 MR. AIRY ON THE LAWS OP THE TIDES 

Upon inspecting the numbers in the column headed q, it will be perfectly evi- 
dent that there is an error on August 9. The semidiurnal tide on that day is (com^ 
paratively) large, its whole range exceeding three feet ; and there is no instance 
throughout all the observations of an irregularity equal to that which corresponds 
to an anomaly of 30° with that range. I have no doubt that all the observations are 
recorded too early by one hour, an error which would easily be committed at begin- 
ning, and which, where the observations are entered on forms ready prepared, would 
be retained to the end. Correcting on this supposition, the three successive times of 
high water would be August 9^ 10^ 34*", August 9^ 22** 50*°, and August 10^ 1 1^ 15««^ ; 
and the values of q, Cg, C3, C4, for August 9^ 22^^ 50™ would be nearly 84°, 165°, 218°, 
and 106°. 

Next I would remark that there is undoubtedly an error of the same kind in the 
tide of July 4-5 ; but as the tide is then very small, I have not ventured to state pre- 
cisely the alteration which I would propose. 

Thirdly, observing that where the tide is very small, the hours on successive days 
occur earlier, in each of the instances where the order is well-marked (as from June 27 
to July 3, from July 27 to July 31, and from August 12 to August 14), there can be no 
doubt that the same thing must hold during the interruption of observations about 
July 13 and 14; and thus it will be seen that there are certainly four high waters 
lost at that time. I have inserted four numbers by simple interpolation, to show, 
within two or three hours, the times of the lost high waters. 

It is also to be remembered that nothing can be inferred from such tides as those 
of July 15-16 and July 18, where the coeflBicients are 0*04 and 0*01. 

Bearing these remarks in mind, and giving particular attention to the second half 
of the observations, which, both for the regularity of the system pursued by the ob- 
servers and for the agreement of the results, is greatly superior to the first, we arrive 
at the following conclusions : — 

Tlie angle q increases continually, and its increase amounts to 360° in about four- 
teen days. When its value is not far from 360°, its increase is extremely rapid. One 
of these jumps occurs between August 2^ 9** and August 2^ 19^ and one between 
August 16** 22^ and August 17** 6^; one also between July 2^ 9*' and July 2^ IG*"; 
another takes place between July 17** 22^ and July 19^ 5^, but (the results being at 
that time somewhat irregular) the time cannot be precisely pointed out. It is evW 
dent from this that the Courtown tides are more numerous than the Ardglass tides 
by one tide in fourteen days nearly. 

The mean solar time of high water does not increase constantly as at other stations, 
but oscillates backwards and forwards. Thus, from July 19 to August 18 (in which 
period the tides at other stations have gradually retarded by twenty-four hours)^ the 
evening tides always occur between 5^* 18°* and 13^* 15™, and the morning tides 
always occur between 1 8*" 27°* and 24^ 14% each time having twice oscillated be- 
tween its extreme limits in that period. 
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From these circumstances it is plain that the time of high water (confining our 
remarks to the term C^sin {p+Ci)) respects mainly the time of the sun's transit and 
not that of the moon's transit ; and therefore, at Courtown, the solar tide is greater 
than the lunar tide. This is, I believe, the only place on the earth in which such a 
result has been distinctly obtained. The observations of Sir Edward Belcher* show 
that at Otaheite the solar tide is as nearly as possible equal to the lunar tide. 

The times following lunar syzygy by two days were June 24, 9^, July 9, 19^, July 
23, 23^ August 8, 4^, August 22, 16^; and about these times the luni-solar tide is 
greatest at all the other stations. About these times also the soli-lunar tide at Cour- 
town is greatest. 

The solar hour of high water at Kingstown, at the highest tides, is about 12^ 30% 
that at Dunmore E^t is about 6^ 40°^. These are the two stations nearest to Cour- 
town on the north and south sides. The solar hour of high water at Courtown at the 
same times is about 9^ 30°^. At these times the effects of the sun and the moon are 
simultaneous as to phase, so that we may treat the result as if there were only a single 
wave. It would seem then that the transition from a tide of elevation at Dunmore 
Blast to one of simultaneous depression at Kingstown, and vice versd^ is not effected 
entirely by a node dividing the elevated wave from the depressed wave. It appears 
that there is also a small progressive wave. The geometrical representation appears 
to be this ; that there is a large stationary wave, having a node near Courtown, and 
making high water simultaneous in all parts of the inland isea or Irish Sea, and syn- 
chronic with low water in the exterior sea ; and that there is mingled with it a very 
small progressive wave. As to the mechanical explanation of it, I can offer nothing 
positive. But I would suggest for the consideration of wave-theorists, whether, in 
the case of a gulf (as the Irish Sea) having a small outlet (like the North Channel), 
it be possible that the fluctuation may be represented correctly on mechanical prin- 
ciples by a combination of the stationary wave peculiar to a gulf with the progressive 
wave peculiar to the channel. 

Returning now to the consideration of the magnitude of the tide, it is evident that 
the coefficient of the lunar tide has been diminished in a far greater degree than that 
of the solar tide. There is one explanation of this which is very plausible, and which 
I have no doubt is the true one, namely that the node for the lunar tide and the 
node for the solar tide do not coincide (which, on account of the difference of the 
periods of these tides, we should expect h priori)^ and that the node for the lunar 
tide is much nearer to Courtown than is the node for the solar tide. It is clearly 
possible that, by varying our choice of stations, we might vary the proportion of the 
two effects in any degree whatever. Nay, by choosing a station between the two 
nodes, we might have the solar and lunar effects to conspire when they are opposed 
at other places, and vice versd ; and thus a station would be found where the spring 
tides occur at the same time as neap tides at other places. This does not occur at 

* Philosophical Transactions, 1S43, p. 56, &o. 
MDCCCXLV. R 
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Coiirto?m ; but the reader, in reflecting on this, will see the importance of our com- 
parison of the time of the largest tideis at Courtown with the time of the largest tides, 
at the otiier stations. 

We shall now proceed to examinie the second periodical term ; which will be fonnd* 
not less remarkable than the first. 

On glancing over the values of Cj (first correcting that on August 9 as I have sug- 
gested), the reader cannot fiiil to be struck with the general uniformity of the num- 
bers. It IS quite evident that this term has no respect to the sun*s transit, but that 
it respects only the moon's transit, or the commencement of the hmi-solar tide. If 
we look also to the coefficient C^, we find that its magnitude is considerable, some- 
times exceeding that of the first term. It is clear therefore that this terra does not 
originate as a derivative from the first term, produced by the local circumstances of 
the port. It does not change greatly, but nevertheless has on the whole larger values' 
about the times of large tides than about the times of small tides. If we divide the 
observations into two groups, one cori^sponding to large tides and the other to small 
tides (the limits being the same as those for the other stations) ; and if we correct as 
before for the establishment at Ardglass (to which station the Courtown tides have 
been referred) ; and if we collect the expressions for the second periodic term at Che 
three stations, Dunmore Ekist, Courtown and Kingstown ; we have this sequence of 
expressions. 





Kingstown. 


Courtown. 


Dunmore East. 


Large tides .... 


ft. 

0-38. sin (2p'+ 195) 


ft. ^ 
0-35. sin (2p' + 198) 


0'-14.8in(2//+7l) 


Small tides 


0-23. sin (%?' + 235) 


0-26. sin (2;?' +202) 


0-11. sin (2p'+7l) 



It appears here quite evident that this term at Courtown is only the representation! 
of the same quarto-diurnal tide which shows itself along the whole coast. This wave* 
(whatever its origin may be) appears to have its greatest range and its beginning of 
phases at Kingstown^ and to spread both ways^ diminishing in range as it goes. 

The succeeding terms at Courtown are insignificant. 

We have now a clear representation of the apparently confused phenomena of the. 
tides at Courtown. Both the semidiurnal tides are very much diminished^ the lunar- 
so much that its range is rather less than that of the solar tide. The quarto-diumali 
tide exists in nearly its greatest magnitude. The geometrical representation !s per-^ 
feet ; the mechanical explanation is not complete. In both respects, as regards what^ 
is reduced to law and what is yet incomplete, the Courtown tides must be regarded! 
as the most remarkable that have ever been examined. 



Section XVIIL — Examination into the question of tertio-^Uumal tide. 

The observations at Courtown, as has been mentioned, and as appears from the 
Table in pages 118 and 119. were continued withont interruption, day and night, fori 
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a considerable time. The observations at Danmore East, as appears from the begin- 
ning of the Table in page 88, were also continued without interruption for several 
days. These circumstances appeared to me to offer a convenient opportunity of exa- 
mining whether the tide occurring three times in the lunar day, which is pointed out 
by theory, is sensible in the seas around Ireland. 

The calculations for this purpose were made in the same manner as the other cal- 
culations described in Section X. The means for the twelfth parts of semidiurnal 
tide, or for the twenty-fourth parts of diurnal tide, having been already found for the 
operations in Section X., the means of the first and second, of the third and fourth, 
of the fifth and sixth, &c. were taken ; and these were evidently the same as the means 
for the twelfth parts of diurnal tide. They were then treated by the use of the 
printed skeleton form shown in Section X., in the same manner as the means for the 
twelfth parts of semidiurnal tide. Thus the diurnal tide and tertio-diurnal tide were 
obtained ; and a consideration of the principles on which that process is founded will 
show that the result is in no way affected by the semidiurnal or quarto-diurnal tide. 
The constants additive to the phase, at Courtown, were corrected where necessary to 
adapt them to the supposition that the phases are measured from the mean water 
preceding High Water, First Division, at Ardglass ; those at Dunmore East are re- 
ferred to the same state of tide at Dunmore East. The angle p in the following Table 
increases by 360® in a tidal day. The day which is set down is that whose astrono,^ 
mical commencement occurs in the tidal day (the limits of the tidal day will be seen 
in Section X.). 





Courtown. 


Dunmore East. 


Day. 


Diurnal tide. 


Tertio-diurnal tide. 


Day. 


Diurnal tide. 


Tertio-diurnal tide. 


June 29. 


ft- 

0-57. Bin (p + 250) 

0-31. sin (/?+ 253) 

0'43.8in(/?+264) 


ft. 

0-08. sin (3/>+ 188) 

0-04. sin (3/>+ 86) 


June 24. 


ft. 

0-33. sin (/7+ 208) 

0-35. sin (17 +207) 


ft. 

0-1 6. sin (3/7 + 253) 


30. 


25. 


0-08. sin (3/7 + 304) 


July 1. 


0-02. sin (3/? + 177) 
0-1 4. sin (3/? + 207) 


26.1 0-20. sin (/7+ 192) 


0-11 .sin (3/7+220) 
0*10. sin (3/7+210) 


17. 


0-20. sin (/?+ 350) 


27. 


0-27. sin (/7 + 170) 


18. 


0*05. sin (p+ 201 3 


0-06. sin (3/) + 236) 


28. 


0-33. sin (/7+ 161) 


0-09. sin (3/7+ 182) 


19. 


0-24. sin (/?+ 265) 


0-05. sin (3j9+ 279) 
0-23. sin (3/? + 187) 


29. 


0-32. sin (/7+ 150) 


0-00 


SO.' 

_ 1 


0-36. sin 09+261) 


July 1. 


0-19. sin (/7+ 187) 


0-07. sin (3/7+349) 
0-03 . sin (3/7 + 99) 


26J 

1 


0-38. sin (/?-h 256) 


0-06. sin (3^ +179) 
0-05. sin (3/) + 132) 


2. 


0-17. sin (/7 + 178) 


27.' 


0-43. sin (p+ 253) 








28.1 


0-49.sin(/?+240) 


0-06. sin (3/)+ 158) 








29. 


0-29 • sin (p+ 248) 


0-08. sin (3/7+ 84) 








80.' 

1 


0-25. sin (/?+ 276) 


0-08 • sin (3;7 + 87) 








SlJ 


0-1 5. sin (p+ 287) 


0-10. sin (3/7+ 98) 
0-01. sin (3/7 +306) 








Aug. 2.1 


0*1 6. sin (/I -h 10) 








3.' 

4 


0-1 0. sin (p -hi 05) 


0-08. sin (3/7 + 315) 
0-02 . sin (3/9+ 3) 








4.' 

1 


0-38. sin (p+ 106) 








5.' 


0-53. sin (p+ 87) 


0-11. sin (3/7 + 328) 








12.' 


0-34. sin (p+ 57) 
0-11 .sin (p-h 357) 


0-12. sin (3/7+346) 








13.' 

1 


0-07. sin (3/7+238) 








14.' 

■ 


0*09. sin (j9+ 46) 


0-11. sin (3/7+ 211) 








15.1 

_ 1 


0-05. sin (j9+ 286) 
0-26. sin (/I +286) 


0-07. sin (3/7 + 264) 
0-04. sin (3/7+ 70) 








16.| 









r2 
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- * The diuraal tide is here shown pretty well^ and the times of its changes of sigh agree 
well with those found in Section III. But the numbers for tertio-diurnal tide api>ear 
to me perifectly lawless. I think that they must be regarded as principally the effects 
of accident. 

On the whole^ I am fticlihed to believfe tliat, to far as evidence goes, the tertio- 
diurnal tide is not sensible on the coast of Ireland. 
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II. On the Temperature of the Springs, frells and Rivers of India and Egypt^ 
and of the Sea and Table-lands wii/ii^^ (he Tropics, By Captain ^ewbold, 
Madras Armt/f F.R.S. 

Received January 1, 1842,— -Read February 22, 1844*. 

Professor Jameson, in his chapter on the hydrography of India, justly remarks, 
*^ Although India, like other great tracts of country, contains many springs, these 
have hitherto attracted but little attention. The temperature of but few of them is 
known ; their magnitudes and geognostical situations are scarcely ever mentioned ; 
and their chemical composition, excepting in a very few instances, has been neglected. 
The most important feature in the natural history of common or perennial springs, 
namely their temperature, is rarely noticed, although a knowledge of this fact is illus- 
trative, not only of the mean temperature of the climate, but also of the elevations of 
the land above the level of the sea; and our information in regard to their chemical 
nature is equally meagre-}*.*" Since the publication of these remarks, much has 
been done by Prinsep and others in these branches of Indian hydrography, but more 
remains to be effected before this reproach can be wiped out. The heat of springs 
having a temperature little above the mean of that of the surrounding country has 
been rarely noticed^ though I feel convinced many such exist in India. That of 
springs of high temperature, more attractive to the casual observer, has been more 
remarked. 

My own observations, and the few inferences I have ventured to draw from some 
of them, are not offered as suflSicient data for the establishment of laws, but merely 
as a contributory mite to knowledge ; in the view of courting inquiry and observation 
by others more competent and better situated for continued research than myself. 
The thermojnetric observations have been snatched generally on the line of march, 
or during hasty travel : since my return to England, through the kindness of Mr. 
RoBERTON, they have been adjusted to the indications given by the standard ther- 
mometer of the Royal Society. 

The observations extend at irregular intervals from Alexandria to Malacca, or 
from 31^ 13' of north latitude to within 2^ 14' north from the equator ; and between 
the meridians of 27^ and 103^ of east longitude. I had continued those on the tem* 
perature of the sea as far as the Bosphorus and Black Sea, but have judged them 

'* This paper havbg unfortunately been mislaid after its receipt by the late Assistant Secretary, the reading 
of it was thus necessarily delayed.-^.H.C. 
t Ed. Cab. Cyc. No. 8. p. 287. 
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superfluous in a paper limited almost to the subject of intertropical tempera- 
ture. 

In the columns of the registers, the latitude and longitude, the approximate height 
above the sea, the nature of the surrounding formation, the depth to the surface of 
the water and depth of water, the temperature of the air, the month during which 
each observation was taken, and the approximate annual mean of the climate in 
which the wells, &c. occur, are specified as far as practicable. In the column of re- 
marks will be found a few observations on the chemical nature of the water, and on 
the size of the wells and springs*. Those were selected which contained water all 
the year round ; though all were, more or less, subject to fluctuation during the wet 
and dry seasons. The wells in Egypt differ from the " bouries'' of India in being 
less open and exposed to atmospheric influence. Those in the valley of the Nile are 
mere shafts sunk through the black alluvium to an impervious marly and sandy bed, 
to depths varying, according to the distance from the river, from ten to forty feet. 
Their circumferences, like those of the Indian ^^ pot wells,** are from nine to twelve 
yards. They mainly depend on the river for water, which is supplied by infiltration 
through the soil, — a circumstance to be taken into consideration in all indications 
afforded of their temperature. The wells in the deserts of Egypt, like those of Ajmfr 
and the western deserts of India, are frequently of great depth, lying under strata 
of sand, gravel, and a calcareous sandstone, on an argillaceous or marly bed, some- 
times at a depth of 300 feet below the surface of the surrounding country. In the 
granitic districts of Upper Egypt, in the lliebaid desert, however, I have observed 
springs rising through the almost vertical strata to the surface. 

In India, most of the wells marked as occurring in granite, trap, limestone and 
sandstone, result from springs, and are consequently not so much influenced in tem- 
perature by the monsoon rains as those in lateritic rocks, which, from their porous- 
structure, admit of the percolation of rain water to a considerable extent. 

The tempemture was generally taken at about 10 a.m., a time when I found it to 
approximate nearest the diurnal mean ; and, whenever practicable, at the depth of 
about ten feet from the surface. 

The following are the general results of many hundred observations: — 

1st. In low latitudes the temperature of the deepest wells and springs is a little 
higher than the mean temperature of the air. Exceptions occur : for example^ the 
temperature of a deep well at G^digdntir, on the banks of the Toombuddra, between 
the 15th and 16th parallels of north latitude, at an elevation of about 1200 feet from 
the sea, was so low as 72^'& (the temperatui-e of the air in the shade, at the time. of 
observation, 80*^*5), while that of the springs and river in the vicinity was irom 77^ to 
79^*5. Ranges of hills, attaining an altitude of 1500 feet above the plain, rose at no 
great distance ; a circumstance suggesting the probability that the cold spring had its 

* The observations of others will be denoted in the column of remarks by the names of the obtenrers. The 
scale throughout is that of Fahrbkhbit. 
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source at an deyation bavin; a mean tempemcure lower than that of tbe plain wbeie 
Ae water appears on the 8urfiM>e. 

2mL The temperature of strongly saline and sulphureous springs i9> on the average^ 
b^gfaw than those of pure water* 

3rd. Both saline and cold springs are seen to occur within a few feet from thermal 
and freshwater springs; a fact to be ascribed probably to their rising througb 
difierent seams of the subjacent strata (often highly inclined)^ and to the different 
depths and heights from which the supply of water is derived. 

4th. The temperature of wells^ particularly those with a small area, much used for 
purposes of irrigation, is thereby artificially increased. 

5tlu The temperature of shallow exposed wells, springs and rivers, especially such 
as have sandy beds, is subject to great diurnal fluctuation, conforming, though to a 
less extent, to that of the superincumbent atmosphere. The sur&ce water of deep 
wdls paitakes of this fluctuation, to a depth varying according to the transparency 
of the water, extent of surface, degree of exposui*e, and clearness of the sky. In 
muddy water the surface is heated to a greater extent, but a foot or two deep is less 
aflfected by the calorific action of the solar rays than clear water. 

.The transpar^it water of a large well at Bellary, lat. 16® 5' N. and long. 76° 69' E.> 
situate on a table-land elevated 1600 feet above the sea*s level, and containing sixteen 
&et of water, I found, at the depth of nine feet from the surface, to vary but one 
degree during the day, from sunrise to sunset, and this in several hundred expeii* 
ments. The minimum, 79^*6, took place a little after sunrise, and the maximum, 80^*6, 
at 3 P.M. following those of the air. The diurnal variation of the water an inch below 
the surface amounted to 12^ During the commencement of the dry weather, as thie 
heat increased, the water gradually deci*eased, and the diurnal fluctuations became 
greater, and increased at a greater mte than that of the decrease of the water. 

Thermal Springs. — ^The thermal springs, both of India, the peninsula of Sinai and 
Egypt, are, with few exceptions, either mineral or gaseous. Those near the shores 
of the Red Sea are sulphureous ; and strictly speaking, perhaps, should not be classed 
as thermal springs, from the great probability of their being connected with the vol- 
canic belt that passes under the bed of the Red Sea, and bursting up from its watery 
fetters appears in the semi-dormant volcano of Gebel Teer, and in the Iava$ of Aden, 
bey6nd the Straits of Babel-Mandel. The highest known temperature of the' thermal 
springs is 102°, viz. that of El Kasr in the Oasis of Dakhleh ; in the peninsula of Sinai, 
91^6, that of the Hiimmdm Mdsa, hot-baths of Moses (Wells of Elim ?) near Tor. It 
it probable, from reports given me by the Arabs, that the Hummdm Phardon, hot-baths 
of Pharaoh, about eighty-five miles northerly from Tor, are of higher temperature. 
The maximum attained by the thermal (Springs of India id 194^ at Jumnotri in North 
Hindostan (lat. %(f 52^ N.) ; a temperature almost equivalent, at that elevation-^ 
10849 fbet above the seals level — to the boiling poiAt of Water, and 18^ higher than that 
of the hottest known thermal spring of Europe unconnected with present active voU 
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canos^ namely, 176^ Fahr., that of Cbaudes Aigues in Auvergne. The temperature 
of the hottest known thermal spring in the world, according to M. Araoo, is that of 
Las Trincheras in Venezuela, stated, on the authority of Humboldt and Boussingault, 
to have increased ll"" since 1806 to February 1823, viz. from 195'' to 206^ Fahr. 
Had M. Arago stated its elevation above the sea, a better comparison between its 
temperature and that of Jumnotri might have been formed. It would be interesting 
to observe whether any similar increment of heat takes place in the chain of thermal 
springs that rise abundantly along the great line of dislocation at the southern 
base of the Himalaya chain, or whether the temperature falls, as in some thermal 
springs among the East Pyrenees. It is certain that the majority of the springs 
strictly termed thermal, occur in India at or near lines of great faults occasioned by 
the upheaving of plutonic rocks, a fact that speaks intelligibly as to the great depth 
at which the eai-th's crust has been broken up. 

Hot springs were found by Burnes in the salt districts of the Punjaub. In Thibet, 
M. CsoMA DE KoROs mcutions the occurrence of hot springs between U and Ts'ang. 
They are numerous in the mountains lying east from the Ma-p'-iiam lake, especially 
at one place, where there is a hole out of which vapour continually issues, and at 
certain intervals, as in Iceland, hot water is ejected with great noise to the height 
of twelve feet. The water of the hot springs of Assam was found by Mr. J. 
Prinsep to contain bitumen and sulphuretted hydrogen. One held in solution a 
portion of muriate of soda. Many other warm springs are known to occur, besides 
those mentioned in the register, regarding the temperature and chemical composi- 
tion of which further information is desirable. For instance, those of Hummtfm 
Phardon on the east shore of the Red Sea; of Vizrabhaee, forty-eight miles north of 
Bombay ; at Mohr on the Bancoot river, about seventy-five miles south of Bombay ; 
of Soonup Deo, and Oonup Deo among the Satpoora hills in Khand^sh ; of Risbi- 
ktinda in Rajmahal; of Muktinath and Bhadrinath in North Hindustan; of Tooee^ 
near Ruttenpore on the Mhye river, in Guzerat ; of Lawsoondra, eighteen miles 
W.N.W. from Tooee; of Uteer, about thirty miles from Pooreanear Korachi, on the 
Indus ; of the diamond district at Punnab, in Bundelcund ; of Oetha-gur, and Ban- 
nassa, near the sources of the Jumna ; of the rivulet of Loland Khad near the Sut- 
ledge ; of those near the confluence of the Soar and Eigie rivers with the Ganges ; 
of many known to exist in the Birman empire and Malayan peninsula^ and of Bhotan. 
The last-mentioned springs throw up spheroids of silex, which are brought to Al- 
morah and there sold by the native merchants for duck shot*. These spheroids re- 
semble those of the springs of Carlsbad in Bohemia, and of the Geysers. The silex 
composing them has doubtless been held in solution by the water ; but it remains 
yet to be shown whether it contains, or not, that peculiar combination of silica and 
soda, which, according to Mr. Faraday, characteiizes the water of the Geysers^f* ; a 
combination ceasing to exist when the water is evaporated : the silica being then de- 

^ M'Lbllano. t Babbow's Visit to Iceland, pp. 209/211. 
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posited in an insoluble condition, while the alkali, probably by the agency of the 
carbonic acid of the atmosphere, is set free, and remains dissolved in the water in 
considerable quantity. In Southern India many thermal springs, hitherto entirely 
unnoticed, are suspected to occur ; Colonel Sykes states that he has been informed 
of their existence in Canara : I have heard of one among the Raidrtig hills in the 
Ceded districts, — in the Koondahs on the west coast, — and discovered another at the 
base of the hills south of Cuddapah having a temperature of 88^, as noted in the re- 
gister. A spnng near Salem in South India is probably thermal, having a tempera- 
ture of 84®, ascertained for me by Mr. G. Fischer. 

Temperaiure of Rivers. — ^The supposition that the temperature of rivers is lower, 
from the influence of evaporation, radiation, and the elevation at which they rise, 
than that of the country through which they flow, appears subject to some modifica- 
tion as regards great streams whose course lies chiefly through equinoctial regions. 
Many, like the Nile, derive the great bulk of their water from the rains that fall pe- 
riodically near the equator when the sun is nearly vertical, and evaporation reduced 
to its minimum from the saturated state of the atmosphere. The fallen waters de- 
rive additional heat in overspreading the wide extent of sand and alluvium that form 
and skirt the channels through which they roll on towards the ocean ; and which, 
during great part of the year, have been left dry and freely exposed to the rays of a 
scorching sun. The beds of the most considerable rivers of South India present in 
many parts of their course, during the dry season, dreary wastes of arid sands, 
through which the river, reduced to a slender thread, barely finds its way to the 
sea. The mean of more than 200 observations, taken day and night, on the tempe- 
rature of the Nile, in July, between Cairo and Thebes, I found to exceed the mean 
annual temperature of the air at Cairo (72° 4) by 7^*1. The temperature of the river 
was increased, at the commencement of the inundation in June, by the freshes from 
Abyssinia from 79^ to 80°'5. The observations were taken at Thebes, immediately 
preceding, and immediately after, the appearance of the turbid milky hue that an- 
nounces the periodical arrival of Egypt's great benefactor. 

The Ganges, though having its source amid the snows of the Himalaya, and pur- 
Buing an opposite course to the Nile, that is, a course from northerly latitudes towards 
the equator, has a mean temperature, as it approaches the ocean, higher than that of 
Jthe country on its banks. Its mean, between Calcutta and the sea, obtained from a 
great number of observations by Mr. G. Prinsep, is stated not to be less than 81® 
Fahr.! while that of Calcutta does not exceed 78°. The Ganges, it is well known, 
is little indebted to the melting of the snows near its sources, but derives its waters 
4ihiefly from the periodical rains that fall near the borders of, aiid within, the tropics, 
^tween 30® and 22® N. lat. During the inundation, its waters in the lower parts of 
Ifoi^l are spread over a superficies of alluvial soil and sand, more than 100 miles in 
breadth, the greater part of which has been parched by the droughts prevalent be- 
tween the monsoons. 

MDCCCXLV. 8 
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la order to obtain a better idea of the degree of heat absorbed and given oot bj 
the aDnvinm of the Nik, the sanda and rocks in the beds of the rnrera <»f Iiidia^ I 
Made the following obeervations; 

In Jnly 1840^ a thermometer placed on tlie dark alluviuiB, thea quite dij, of tlie 
Nile opposite the pyramid of Meydi&n at 12^ pjf., having its bulb covered (hi of an 
inch with the same allnTium, stood at 136^^5'. With^ and on^ the sand of the desert 
OB XhQ verge of the mundation line, at the same homv it stood at 121^S. The tempe- 
rature of the air at the time, five feet above the snrfece of the dark alluvium, was 
105^-5: the same height above that of the desert, it was 103°*&; sky onclouded. 
Although the surfoce of the sands during the clear serene nights of £gypt is cooled 
ccMisiderably by radiation, stiU a little below the sur£ace they retain a great portion 
of the solar heat. In July, at sunrise, the surface of the sandy desert, on the banks 
of the Nile at Thebes, lat. 25"" 26^ N., which during the heat of the day indicated 
a temperature of 130°, had cooled down to 69^5f, while the thermometer a fiiot behw 
the surface stood at 83° : temperature of the air 75°. 

The teuiperature of the granite rocks in the beds of the Toombnddra and the 
Kistnah, during the months of May and June, at 2 p.m., I found from 118° to 120°: 
during the night they cooled down usually to. 83°. The temperature of the sorfiioe 
sands in these rivers was sightly highei* than that of the granite. 

The temperature of livers whose supply, like those in South India, depends more 
on the periodical rains than on springs, is consequently influenced by the tempera* 
tare of the former. That of the monsoon showers, which fell on the western coast 
near Mangalore during the months of May and Jone^ varied from 73P to 7^% afford- 
ing a mean of 76^- The raios falling on the elevated table-land of the Ceded districts^ 
from June to December, ranged from 71^'& to 70^*5, giving the mean 7&^*&- The mean 
general height of the plain, between lat. 13° and 17^ N., is 1300 feet above the sea^s 
level. The temperature of the showers was invariably modified by the conditions 
affecting that of rain water in extra-tropical countries, namely, the elevation at which 
condensed^ and the temperature of the atmospheric strata through which the showers 
felL 

The temperature of the Brahmaptitra river at Sadya in Assam, was ficmnd in 
September by Mr. Griffiths to range from 63° to 70^ That of the air above the 
river,, from 68° to 100°. That of the Indus, by Gerard, in March, near Attod^ 
was 32°. 

Temperature of the Ocean on the Equator and between the Tropics. — ^The influence of 
the trade-winds, cold currents from high latitudes, frequent showers^ evaporatioB^ 
Slc^ contribute to cool the air and surface of the ocean at the equator. The e»- 
treones of the temperature of the latter, at great distances from land, hame been 
pretty correctly stated by M. Arago at 80°*8 and 84°-2. On crossing the line in tlbe 
Atlantic Ocean (in long. 20°7 W.) I found the temperature of the sea 84°*& ; air in die 
shade, 87'' : in the Indian Ocean (long. 58°-54 E.) 81°-5 ; air in the shade 8a°-5v In tlie 
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same ooeaas^ near the land, and in narrow seas, the range between tbe eKtremes is 
Siuoh greater dian S'^'4. In tbe Red Sea, from die Straits of Babdmandel to tbe 
tropk of Cancer, I foaud it, in the month of May, to be ^6°, viz. fvom 62° to 88°; and 
in the Indian Ooean, from JaL 12° to 19°, so much w 8°'&, viz. from 7^ to 87°-i»« 
In tbe Stcaits of Malacca, in laL 2° N^ it ranged from 80° to 85°^. 

On some parts of the west coast of India (where 123^ laches of rain Mis duiiag the 
year), dnring Hie monsoon, the snrfiice of the sea is considerably cocded by tlie fneAes 
from tbe nnmerous rivers and stnoamlets that desoend from the lofty movntains of 
the Obants. Off Honiwer, lat. 14° 16' N^ tbe temperatare ^f the sea dnrisg iim 
dry season was B5°*5« Dming the monsoon it feU to 79°; aj^era^ terapenaince nf 
min water at the time^ 7i°'7 ; <^ rivers, 76°* Fnom its inferior specific gravily, die 
fresh mixkly water from ttie Ulis flosUs on tbe sun&oe of tbe sea to oonsidei:sUe 
distances, without being intimately blended. La tbe dqpth of the monsoon, near 
MangaloM, in 1839, the water was #bserved to be nearly fresh a mile off the coast';* 
and I have seen tbe Mediterranean dtscolonred by the turbid innndation of tbe Nile 
ton distance of nearly Imty nules from the Damietta enbouchnre. 

Memn Temferalmane in India. — O^onel SrKSS, in hts stattstios of tbe Deoean, has 
akeady noted one remarkable ioatnre touching tbe mean temperatare of plnoes at 
^vntiens on tbe table-land of India, namdiy, that it is inneh higher than the mean 
for tbe same places, ciiealated agreeably to MAxna^s fbra&ala. To the instances be 
has cited of this fact, of {^aces oa tbe plateau of tbe Deccan, may he added the fel- 
lomog, ooenrriag on the tableland of ^ntb India. 
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1101 
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/ 
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74-75 • 
74-26 

76-12 • 
73-06 

74-93 


5-28 
6-74 
4*88 ! 
1-34 . 
2-13 ' 



Among the principal causes of this d^erential height of temperature, — a diffei«ice 
more remarkable when compared with the indications afforded by the improved fiar- 
andm of ^nawsvEa, D'Agbuisbon and Atukrok, — may be enumerated tbe physical 
aspeet and estent of the elevated plains on irhich these places stand, — tbe rapidity 
wsth which tbe dnainage water passes off, aiMl eonsequent little evaponrtion,-rtbe 
campnmtiyely fiat, or gently undulating sarfiaioe, — its bareness of v^etation during 
gmat part of tibe pear^ — tbe non-influence of alternations of land and sea tHieezes, by 
wiiich places inear the sea are cooled, — the partial inflnenoe of ^m, BMmsoen aoid 
seanimess of rain, — the ^iToarable oonditions of tbe atmosphere for irradiation, and 
tbe ciq)acity of tbe soil lor imbibing and giving out the soiar best. Tbe tem^cacatare 
of tbe granitic soil in tbe vicinity of B^lary, at 2 y.m., in May, reached 121°; that of 
tbe B^C| or black ami, l22°-5 : tbe tetnperatm-e of the air in tbe sbade, 96°t3 : at 
midnight the temperature of the bbu^ soil was stiU so high as 8fi!°; temperature of tbe 
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air 80^ That of a bare rock of granite^ the same locality, at 2 p.m.^ was 120^*5 ; of black 
basaltic rock 122^ The temperature of the granite at midnight was 86^*5. Both 
Bellary and Hydrabad are situated under the shade almost of bare granitic masses^ 
in the midst of plains covered with sheets of the granitic and black r^gur soils just 
alluded to, whose almost treeless extent during the hot months is shrunk up and in- 
tersected by deep and countless fissures. The climate of the former station is nearly 
as dry as that of Egypt. In 1 838 only 1 1*25 inches of rain fell during the year. The 
atmosphere is remarkable for transparency and freedom from clouds. The foregoing 
views appear to be strengthened by the fact, that the observed mean temperature of 
the elevated stations of Ootacamund (7221 feet above the sea*s level), Mercdra 
(4500 feet), and Candy in Ceylon (1680 feet), are lower than their calculated mean 
temperatures. The calculated mean of Ootacamund is 61^*64, observed mean 55^*8; 
of Mercira 68°-99, observed mean 66''-68 ; and of Candy 78°-68, observed mean 73^-3, 
Now all these places are surrounded by an irregular surface of hill and valley, 
generally clothed with eternal forest, presenting an extensive radiating and evapo- 
rating surface, and shading the drainage of heavy monsoons that lingers in their 
swampy hollows. The humidity of the atmosphere at these stations is very great ; 
at Mercira, during nearly half the year, its hygrometric condition closely approaches 
saturation. Hence, favoured by the alternations of land and sea breezes, even close 
to the sea*s level, the low temperatures of some places near the equator, viz. Singa- 
pore, lat. 1° 15' N., mean temperature 80^7; Malacca, lat. 2° 14' N., mean tempe- 
rature 80^*4 ; Penang, lat. 6®N., mean temperature 80°'6 ; Province Wellesley, lat. 
5° 20' N., mean temperature 79^*5. The mdnsoons are distributed over these forest- 
clad regions of the equator in an almost daily succession of refreshing showers 
throughout the year. May not the vital functions of the plants, covering large tracts 
of country, particularly those concerned in their respiration and nutrition, exert an 
influence in cooling over-heated states of the atmosphere ? 

It may be further stated, in corroboration of the high temperature of table-lands 
being mainly produced by the causes referred to above, that the temperature of 
isolated peaks and summits of ridges, rising with a rapid ascent and confined super- 
ficies from their elevated level, appears to diminish in a greater ratio than 1^ Fahr. 
for every 362 feet of ascent ; when, perhaps, that of the aggregate height from the 
sea*s level is in strict accordance with this rule. The mean of a month*s observa- 
tions by Lieut. Campbell, at the summit and base of the rock of Raya-Cottah on 
the table-land of Mysore, above which it is elevated 600 feet, gave a decrease of tem- 
perature amounting to 3°*35. The diurnal mean difference between the temperature 
of the summit of a mountain on the table-land of Bellary, and that of the plain at 
its base, I found so great as 7^*6 for the 1600 feet of elevation which separates them. 
This table-land has a mean temperature of nearly 4^*6 above its calculated mean. 
The difference of temperature of two wells, one at the summit of Mount Sinai, and 
the other 2000 feet below, amounted to 6®, a result closely approximating that of the 
comparative observations at Geneva and St. Bernard. 
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The highest known mean temperature of any place in India is that of Pondicherry^ 
which^ though this city stands only a little more than a degree to the south of Madras^ 
}S stated to reach 85°-28. That of Madras, in lat. 13° 6' N., is 80°-42, and of Co- 
lumbo^ more than 5° nearer the equator than Pondicherry, only 80°*75* I ani not 
aware that any reason has been assigned for this extraordinarily high mean tem- 
perature ; the lower temperature of some wells in the vicinity of Pondicherry leads 
me to doubt its correctness. 

Boussinoault's Mode of ascertaining the Mean Temperature of Tropical Countries. — 
An expeditious mode for ascertaining the approximate mean temperature of equinoc- 
tial regions has been proposed by M. Boussingault, and recommended to travellers^ 
on occasions where time and opportunity do not admit of the usual means. I hardly 
need remark, that this method is grounded on the hypothesis, that between the 
tropics the temperature of the earth*s crust is constant at the depth of about a foot 
(one-third of a metre) beneath its surface, and consists in sinking a thermometer in 
the soil perforated to this depth, under sheds, huts of natives, or other spots sheltered 
from direct warmth produced by absorption of the solar heat, from nocturnal radia- 
tion, and from the infiltration of rain water. The result of my own experiments in 
India indicates that the soil at the depth of a foot is subject to an annual, and, in 
light soils, to a diurnal fluctuation, varying according to the intensity of the sun's 
rays on the soil surrounding the sheltered spots where the experiments were con- 
ducted ; and radiation modified by the dry and open, moist and close nature of the 
soil. During cloudy weather these fluctuations were consequently found at their 
minimum. The maximum of diurnal fluctuation observed was at Bellary, on the 
centre of the table-land of peninsular India, in lat. 15^ 5'N., and 1600 feet above 
the sea's level; mean temperature about 80°-6. The experiments were made in the 
hot month of May, sky unclouded ; the soil was reddish and light in texture, and 
completely sheltered by a thatched roof. Every precaution enjoined by M. Boussin- 
OAULT was carefully attended to, and fresh holes bored every day. 
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At ClAserg^ode^ob the west coast, iat. N. 12'' 29^, whose mean temper ature as ahimt 
80% the difimal flttctuation amounted to only 1^5 in doady weadier. AtMangahm^ 
on the same coast, lat. N. 12^ 5S', it amounted on a clear day to 2^7^. Hie fast «Se- 
periment was nmde, at my request, by my friend Mr« B. G. Maurice, Madns Medicai 
ServBce. In stiff clayey soils, at the depth of four feet from the sarfiioe, and shebeced 
to the distance of six yards radius from the spot perforated, the temperactnne fluotimtBd 
but little, and gave a tolerably correct mean of the air. In light sandy soils a greater 
depth is necessary ; and at all times it is advisable to observe the tempeiatore of the 
perforation in the soil at the coldest and hottest periods of the day, which, with am 
mftdouded sky, will be found to occur at, or jost before, snnrtse, and from 2 to S pji. 
Soch observations should, if possible, be compared with the temperature of a spring 
or well of modetate depdi, at from six to ten Heet below the surface, bearing in mind 
wliat has already been stated regarding the causes affiscdng the temperalure of wetts 
and springs. 
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138 CAPT. NEWfiOLD ON THE TEMPERATURE OF THE SPRINGS, WELLS 



Comparative Register of the Temperature of the Air (in the shade) and of the Sea, from 
Bombay to Suez. The indications of thermometer are adjusted to those given by 
the standard of the Roval Society. 













Noon. 


Midnight. 




Month. 


T A* 1^ 


Long. £. 










RAmMvlra 


Jjal 


• i^« 


Air. 


Water. 


Air. 


Water. 


IiduarKB. 


May 1. 


o 

18 


36 


o 

71 


41 


"ko 


obs. 


"ko 


obs. 


■V 


2. 


18 


5 


69 


38 


87-5 


85-5 


86-5 


84*5 


3 


3. 


17 


30 


67 


28 


87 


86-5 


87 


No obs. 


4. 


16 


57 


69 


12 


86 


84 


86-5 


No obs. 


c» 


5. 


15 


29 


63 


5 


87-5 


85-5 


85 


85 


.1 


6. 


15 


52 


60 


53 


87 


85-5 


85 


84-5 


Is 


7. 


15 


19 


58 


40 


85 


83 


86 


84-5 


8. 


14 


56 


56 


17 


85-5 


82*5 


85*5 


82-5 


'a 


9. 


14 


27 


53 


56 


85-5 


84-5 


83-5 


84 


§ 


10. 


13 


43 


51 


39 


86-5 


83-5 


84-5 


84-5 


a 


11. 


13 


32 


48 


43 


88 


85-2 


87 


85 




12. 


12 


46 


45 


53 


89 


86-6 


87 


85-5 


1^ Off coast of Arabia. 


13. 


Aden. 


Aden. 


89-5 


87-8 


86-5 


86 


j Back Bay, at anchor. 


14. 


12 


49 


43 


21 


88-7 


86 


85*5 


84-5 ■ 


15. 


15 


14 


41 


55 


88 


86 


84 


84 


, In sounding, off volcano of Gevel Teer. 
t Sun s rays 1 15° 2 p.m. 


16. 


17 


28 


40 


20 


87-5 


87 


87 


84*5 


17. 


19 


55 


38 


52 


90 


88 


85 


85-5 


>^ Sun's rays 120^-5 2 p.m. 


18. 


22 


23 


37 


2] 


86 


84-5 


85-5 


82 




19. 


24 


38 


36 


13 


84-2 


80-5 


82 


79 


20. 


26 


38 


34 


45 


84 


80-5 


89-5 


82 J Suez, hot khamsin set in about 10 p.m. 1 



Memoranda supplied by the kindness of a friend from the register kept on board the 
Honourable East India Company's Steamer Cleopatra, from Bombay to Suez. 









A.M. 


P.M. 




Mnnth 


I^t N 


Long. E. 






Remarks. 


iUUUIrU. 


JJBIr* 1^. 


Au*. 


Water. 


Air. 


Water. 


April 2. 






o 

89 


o 

84 


o 

81 


o 

78 




3. 






84 


83 


80 


78 




4. 






84 


84 


81 


83 




5. 






81 


83 


81 


83 




6. 






80 


82 


80 


82 




7. 




No entry. 


No entry. 




8.; 




No entry. 


No entry. 




9.: 




No entry. 


No entry. 




lOJ 




No entry. 


No entry. 


At Aden. 


11.; 




No entry. 


No entry. 


Passed Straits of fiabelmandel. 


12.| 




86 


84 


86 5 


84 




13.' 




87 


84 


81 


82 




14.' 




79 


82 


79 


80 




15. 




No entry. 


No entry. 




16.' 




84 


76 


73 71 




17. 




75 


82 


No entry. 


Passed Island of Shadwan. 


18. 

1 




No entry. 


No entry. 


Suez Bay. 



N.B. The latitude and longitude have been omitted in the above register ; but 
after making allowance for the more rapid run of the Cleopatra than that of the 
vessel in which 1 left India, and calculating from Bombay to the Straits of Babel- 
mandel, and thence to Suez, an approximation may be made to the vessel's situation 
at the time of taking the observations. The indications could not be adjusted to the 
standard thermometer of the Society. 
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Note on the Thermal Springs of the Peninsula of India. 

Since my arrival liere my friend Mr. Malcolmson has put into my bands the first 
volume of the Bombay Medical and Physical Transactions, where I find, p. 257, a few 
notes on the thermal springs in the Konkan, by A. Duncan, Esq. The geographical 
distribution of these springs corroborates the remark in my paper under the head of 
thermal springs, viz. ^^ that the majority of the springs termed thermal occur in India 
at or near lines of great faults." The thermal springs mentioned by Mr. Duncan lie 
at the base of the Western Ghaut elevation, intermediate between the mountains and 
the sea, generally from sixteen to twenty-four miles, or thereabout, inland from the 
latter. The line of springs follows pretty nearly that of the mountains, viz. nearly 
north and south, and extends from the vicinity of Sur^t, or about 21^ N. lat. to South 
Rajapore : they are supposed to exist still further south, following at irregular inter- 
vals the line of West Ghauts to Ceylon. Not less than twelve are known to exist 
between Dasgaun and South Rajapore, viz. — 

1 at Oonale in the taluk of Viziadroog. 

3 in the Rutnaghirry taluk, at Rajwaree, Tooril and Sungmairy. 

1 at Arowlee in the Konedree taluk. 

I at Mat, Hatkumbee Mahal. 

I at Oonale, in the Natoe Palivan Mahal, Sevemdroog. 

3 at Oonale, Jaffrabad Mahal. 

I at Savi, in the Ryghur taluk, Bhar Nergannah. 

I at Oonale, Sankse taluk, Mahal Palee. 

12 total. 

Oonale is the native term for a hot spring. The temperature of all the springs 
examined exceeded, with a single exception, 100° Fahr., and amounted to 109^ That 
of Tooril, which unfortunately was not thermometrically ascertained, appeared to Mr. 
Duncan to be almost at the boiling-point. The water was not found to be mineral, 
though impregnated with sulphuretted hydrogen. A little higher up, on the hill 
where the thermal spring No. I occurs, is a singular intermittent cold spring, over 
which a temple has been built. It is resorted to by crowds of Hindus during the 
season when the fountain periodically flows, viz. during the hot months. A more 
minute analysis of the water, and a more continued series of thermometric observa- 
tions, are a great desideratum. 

The temperature of a hot spring of Oonye in the jungle between Bansda and Boharee 
is asserted by the Brahmins to diminish annually at the time of the full moon in April, 
so as to admit of persons bathing in it at this period, when the natives assemble there 
in great numbers for that purpose. This assertion was contradicted by the late 
Dr. White, but the question, I see, has again been raised by the observations of 
Mr. J. S. Law, of the Civil Service, who found the temperature of the hottest part 
of the spring to have diminished at this period from 124^ to 94^ Fahr. It is probable 
however that future observations on this supposed singular annual variation will set 
the matter at rest. 

Bombay, July 15, 1842. 

T 2 
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III. An Account of Newton's Dial presented to the Royal Society by the Rev. 
Charles Turnor, in a letter addressed to the Marquis op Northampton, Pres. 
R.S.J Sfc. By the Rev. Charles Turnor, F.R.S. Communicated by the President. 

Received May 25, 1844,— Read June 13, 1844. 

My Lord, 

Your Lordship having been pleased to express a wish to Captain Smyth that I 
should furnish a detailed account of the Newtonian Dial which I have had the 
honour of presenting to the Royal Society, I beg to submit to your Lordship the fol- 
lowing particulars. The dial was taken down in the early part of the present year 
from the south wall of the Manor House at Woolsthorpe*, a hamlet to Colsterworth 
in the county of Lincoln, the birthplace of Nkwton. 

The house is built of stone, and the dial, now in the possession of the Royal So- 
ciety, was marked on a large stone in the south wall at the angle of the building, 
and about six feet from the ground, and which was reduced to its present dimensions 
for the convenience of carriage. The name of Newton, with the exception of the 
first two letters, which have been obliterated by the hand of time, will, on close in- 
spection, appear to have been inscribed under the dial in rude and capital letters. 
There is also another dial marked on the wall, smaller than the former, and not 
in such good preservation. The above are the only dials about the house which I 
have been able to discover, nor can I find by inquiry on the spot that more ever 
existed, though some of Newton's biographers assert that there were several. An 
opinion has always prevailed that the dials now in being were executed by Newton's 
own hand when a boy, which appears probable from the well-known fact, that at a 
veiy early period of his life he discovered a genius for mechanical contrivances, 
evinced more particularly by the construction of a windmill of his own invention, 
and a clock to go by water applied to its machinery. Finding, however, this latter 
contrivance (however ingenious) to fail in keeping accurate time, it is not improbable, 
that with a view to secure that object, he formed with his own hands the two dials in 
question ; and very probably the dial now remaining in the wall of the house, from 
its inferiority in point of constioiction to that now in the possession of the Royal 
Society, was his first attempt in dial-making. The gnomons of these dials have un- 
fortunately disappeared many years, but as they are described in some of the printed 

* See Woodcut in the next page. 
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accounts as clumsy performances, it may be concluded that they were not the wi 
of a professed mechaoic, but were probably formed and applied by Newton bimi 
when he constructed tbe dials. 

I trust your Lordship will allow me to express tbe high satisfaction I feel in seei 
this very interesting relic in the possession of that Society of which Nbwton \ 
so distinguished an ornament, and over which he presided more than twenty years 

I must beg your Lordship's permission to odd, that for the gratification which I < 
perience on this occasion, I am greatly indebted to my nephew, Christophbr Turn 
Esq., of Stoke, Rocbford, to whom tbe manor-house and landed property of Nbwi 
now belong, and who not only permitted, but kindly encouraged me to offer t 
valuable relic to that Society, which he, as well as myself, consider as its fittest a 
most appropriate depository. 

I have tbe honour to be, my Lord, 

Your Lordship's obedient humble Servant, 

Spa BuitdingSy Cheltenham, Charles Tohni 

May 24, 1844. 







MANOE-HOUSE, WOOLSTHORPE ; 
SIR ISAAC NEWTON, P.R.S., 
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IV. 'A/jL6p(f>wra^ No. I. — On a Case of Superficial Colour presented by a homogeneous 
liquid internally colourless. By Sir John Frederick William Herschel, Bart., 
K.H., F.R.S., ^c. ^c. 

Received January 28, 1845, — Read February 13, 1845. 

A CERTAIN variety of fluor spar, of a green colour, from Alston Moor, is well 
known to mineralogists by its curious property of exhibiting a superficial colour, 
differing much from its transmitted tint, being a fine blue of a peculiar and delicate 
aspect like the bloom on a plum, and like that bloom might perhaps be referred to 
a peculiar texture of the surface, the result of crystallization, were it not that it 
appears equally on a surface artificially cut and polished. Glasses also are manufac- 
tured which, by the agency of a delicate superficial film, consisting apparently of a 
dull green-coloured powder, and reflecting (or rather dispersing) a green light, ex- 
hibit a brownish red tint by transmission ; chloride of sulphur, and the infusion of 
lignum nephriticum are particularized in some books as exhibiting different colours 
by transmitted and reflected light. As respects the chloride of sulphur, the state- 
ment is incorrect, and has originated in a misapprehension of its scale of absorbent 
action, which (as is the case with many dichromatic media) causes its hue to change 
from green to red by mere increase of thickness. In the infusion of lignum nephri- 
ticum, and in one other instance which has occurred to my notice, the reflected tint 
arises from suspended particles too minute, or too nearly of the specific gravity of the 
liquid, to be separated by subsidence*, the transmitted colour being that of the trans- 
parent liquid in which they float, and the particles themselves being opake. 

The case which I am about to describe is not precisely parallel to any of these, 
though far more striking than either. That of the fluor spar presents the closest 
analogy to it, though from what we know of the impracticability of obliterating the 
internal structure of mother-of-pearl by any artificial polish, the difference between 
the solid and fluid states of aggregation precludes any argument from that pheno- 
menon to the one in question. 

The sulphate of quinine is well known to be of extremely sparing solubility in 
water. It is however easily and copiously soluble in tartaric acid. Equal weights of 
the sulphate and of crystallised tartaric acid^, rubbed up together with addition of 
a very little water, dissolve entirely and immediately. It is this solution, largely 
diluted, which exhibits the optical phenomenon in question. Though perfectly trans- 

* I write from recollection of an experiment made nearly twenty years ago, and which I cannot repeat for 
want of a specimen of the wood. I think the filtered liquid did not exhibit the double colour, 
t Citric acid answers equally well. 
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parent and colourless when held between the eye and the light, or a white object, it 
yet exhibits in certain aspects, and under certain incidences of the light, an extremely 
vivid and beautiful celestial blue colour, which, from the circumstances of its occur- 
rence, would seem to originate in those strata which the light first penetrates in 
entering the liquid, and which, if not strictly superficial, at least exert their peculiar 
power of analysing the incident rays and dispersing those which compose the tint in 
question, only through a very small depth within the medium. 

To see the colour in question to advantage, all that is requisite is to dissolve the 
two ingredients above mentioned in equal proportions, in about a hundred times 
their joint weight of water, and having filtered the solution, pour it into a tall narrow 
cylindrical glass vessel or test tube, which is to be set upright on a dark-coloured 
substance before an open window exposed to strong daylight or sunshine, but with 
no cross lights, or any strong reflected light from behind. If we look down perpen- 
dicularly into the vessel so that the visual ray shall graze the internal surface of the 
glass through a great part of its depth, the whole of that surface of the liquid on 
which the light first strikes will appear of a lively blue, which as the situation of the 
eye changes is either fore-shortened into a vivid concave gleam, or opens out into a 
paler and broader band, as the visual line is more or less oblique to the glass surface. 
If the liquid be poured out into another vessel, the descending stream gleams in- 
ternally from all its undulating inequalities with the same lively yet delicate blue 
colour, thus clearly demonstrating that contact with a denser medium has no share 
in producing this singular phenomenon. 

The thinnest film of the liquid seems quite as effective in producing this superficial 
colour as a considerable thickness. For instance, if in pouring it from one glass into 
another, it be made to trickle down the internal surface of the receiving glass towards 
the light, or if instead of falling in drops from a filter, the end of the funnel be made 
to touch the internal surface of the vessel well ^moistened, so as to spread the de- 
scending stream over an extensive surface, the intensity of the colour is such that it 
is almost impossible to avoid supposing that we have a highly coloured liquid under 
our view. 

By candlelight the gleam is less vivid, and verges more to violet. Analysed by a 
prism the red rays are found to be almost entirely absent. No signs of polarization 
were perceived in it, on viewing it through a tourmaline plate turned round in its 
own plane. 

As this phenomenon in all its circumstances is (so far as I am aware) unique in 
physical optics, I have thought no apology necessary for simply describing, without 
attempting to pursue it further, which present circumstances do not permit. It 
would be interesting to know whether the property in question is characteristic of 
quinine, or is participated in by cinchonine, salicine, or any of the other vegetable 
alkaloids, which I have not been able to decide for want of specimens. 

J. F. W. Hbrschel. 
Collingwood, Jan. 25, 1845. 
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Received February 20, 1845. 

P.S. — Having been obligingly favoured by Professor Daniell with specimens of 
very pure cinchonine and salieine, I am enabled to state that they do not possess in 
the smallest appreciable degree the curious property above shown to belong to qui- 
nine. 

As regards the latter alkaloid, all the acids I have tried appear to produce the 
same effect, though not all in an equal degree. The muriatic seems least efficacious ; 
the sulphuric and acetic decidedly the most so. The intensity of the superficial 
colour produced when either of the latter acids (very dilute) is used, is really sur- 
prising. 

Only acid solutions succeed. After precipitating by excess of potash a solution of 
quinine^ the liquid filtered was very bitter, and of course contained quinine. It 
however exhibited no trace of superficial colour ; but on dropping powdered tartaric 
acid into the test glass the blue colour was instantly developed, and seen to follow 
the course of the descending acid. 

J. F. W. H. 

Feb. 16, 1846. 
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V. *A.fi6pi^w^j No. II. — On the EjnpdUc Dispersion (^ Lighi^ being a Supplemeni io a 
paper entitted, ** On a Case of Superficial Colour presented ly a homogeneous 
Uquid internally colourless^ By Sir J. F. W. Herschel^ Bart., K.Hiy F.R.S.y ^c. 

Received March 6,— Read Aprl 3, 1845. 

In reasoning on the peculiar coloured dispersion operated on a portion of a beam 
of white light intromitted into a solution of sulphate of quinine, it occurred to me 
as a subject well worthy of inquiry whether the rays so selected for dispersioit 
and thus singulai'ly separated from the rest, were distinguished by any other p^n* 
liarity ; whether in eifect an analysis of the incident light into two distinct iq>ecie8 
qualitatively different had been performed, or merely a simple subdivision, snch as 
takes place, for instance, in partial reflexion, as in the phenomena of the coloura of 
thin plates. Another interesting subject of inquiry presents Itself in the laws which 
regulate this singular mode of dispersion itself, which, for brevity, I shall renture to 
call (at least provisionally) epipdlic, from cfrnroXii, a surface, the seat of the dispersion 
being at or very near the intromitting surface. 

As regards the question of analysis, two modes of examination present them- 
selves, viz. dtber, — 1, by subjecting the dispersed portion of the light to experiment^ 
or, 2, the residual portion, which, having escaped dispersion, preserves the unity of its 
direction ; and on that account, as well as by reason of its vastly superior intensity, 
offers itself more readily to experimental inquiry. 

The colour of the dispersed portion being blue, that of the residual beam ought, 
of course, to verge towards orange. But owing to the large excess of undeconr- 
posed white light present, this tendency is inappreciable ; and the regularly trans^ 
mitted beam is not to be distinguished by the eye from white light Another reason 
is, that some portion of the dispersed necessarily mingles with the regularly trans- 
mitted beam, the medium being equally permeable to both ; so that in viewing an 
extensive white surface (the cloudy sky for instance, or a piece of white paper), the 
regularly tmnsmitted ray reaching the eye in any given direction, that is, from any 
one point in the luminous surface, has, intermingled with it, a dispersed ray from 
every other point of that surface, the totality of which goes to restore to it some 
material portion of the blue light which it lost by dispersion at its intromission. 

In the ordinary production of colour in liquids by absorption of the comple* 
mentai-y tint, the smallest preference of one over the other coIoui*ed rays may be 
magnified and brought into evidence as a cause of coloration by increasing the 
thickness of the transmitting medium, or by passing the light successively through 

u2 
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many vessels filled with it. Accordingly it might be supposed that by passing the 
same incident beam successively through many such dispersive surfaces^ the whole 
of the blue rays would at length be separated from it, and an orange, or red residual 
beam be left. But this is not the case, the reason of which is to be found in a very 
remarkable peculiarity in the transmitted light, which may be thus announced. 

An epipolized beam of light (meaning thereby a beam which has been once trans- 
mitted through a quiniferous solution and undergone its dispersing action) is inca^ 
pahle of further undergoing epipolic dispersion. 

In proof of this, the following experiments may be adduced. 

Exp. 1. A glass jar being filled with a quiniferous solution*, a piece of plate-glass 
was immersed in it vertically, so as to be entirely covered and to present one face 
directly to the incident light. In this situation, when viewed by an eye almost per- 
pendicularly over it^ so as to graze either surface very obliquely, neither the anterior 
nor posterior face showed the slightest trace of epipolic colour. Now the lights at 
its egress from the immersed glass, entered the liquid under precisely the same cir^ 
cumstances as that which, when traversing the anterior surface of the glass jar, un- 
derwent epipolic dispersion on first entering the liquid. It had therefore lost a pro- 
perty which it originally possessed, and could not therefore be considered, qualitor 
Hvebfj the same light. 

Exp. 2. The epipolic tint is developed only on the surface of incidence. When 
the solution is exposed to light in a glass vessel, the posterior surface, whether viewed 
internally or externally, is quite colourless. Here again, since ingress and egress 
into and out of a medium are, optically speaking, convertible, a qualitative anafysis 
at the surface of incidence would appear to be indicated. 

Exp. 3. A test cylinder filled to the height of two or three inches with the so- 
lution was set upright on black velvet, its bottom being also shaded to the depth of 
half an inch (to prevent reflected light from the bottom from reaching the eye). 
The epipolic tint being now fully developed, a hollow parallelopiped of plate glass, 
filled with the same solution, was interposed between the test cylinder and the inci- 
dent light, side light being at the same time obstructed by screens duly placed. 
Immediately the epipolic colour in the interior of the cylinder vanished altogether. 
The transmitting vessel was now emptied of its contents and filled with pure water, 

'*' The tolation here used and subsequently referred to (except when otherwise expressed) is formed by add- 
ing to sulphuric acid, diluted to such an extent as just to bear being swallowed without pain, about one two* 
hundredth part of its weight, (the weight, i. e. of the diluted acid) of sulphate of quinine. When of this strength 
it is difficult to believe that a bottle half-filled with it contains a colourless liquid. When shaken* it tinges 
the glass vividly blue : lively blue gleams are reflected from the interior, and from the capillary ring at the 
surfrure level, &c. I may mention that in one instance a rose-coloured solution was formed, which I have 
never been able to reproduce. The ingredients were taken from the very same parcels which gave the nsaal 
colourless solution, and the mixture made in the identical vessel which had just recently served for the same 
experiments, and which had not even been washed, and from which a colourless solution had just been emptied. 
If owing to any foreign ingredient accidentally present, the quantity must have been inconceivably minute. 



EPIPOLIC DISPERSION OF LIGHT. 149 

from which its former contents were in no way distinguishable by an eye situated 
behind it. Being then replaced as before^ so as to intercept the light incident on 
the test cylinder, the epipolic colour was produced, exactly as if nothing had been 
interposed ; a trifling difference of intensity only excepted, which arose from the 
glass used not being wholly devoid of colour. 

Exp. 4. This experiment was varied so as to present a result disengaged from this 
slight source of uncertainty, and perfectly decisive. A cylindrical jar was coated exter- 
nally with black paper round three-fourths of its circumference, as was also its bottom, 
and a ring of the same paper was carried round the cylinder at the bottom so as to cut 
off light from being internally reflected on its base. In it was set upright a test cylinder 
of the solution, and the jar was then filled with pure water rising considerably above 
the solution in the cylinder. When exposed to light as usual, the epipolic tint was 
finely seen. But on emptying out the water, and introducing in its stead an equal 
quantity of the quiniferous solution, the tint in question was completely destroyed, 
whether the surface of the cylinder was viewed from within or. from without, proving 
evidently that no rays susceptible of epipolic dispei'sion had reached its surface. 
This result was rendered the more remarkable by an effect of contrast. The external^ 
upj)er portion of the cylinder, above its liquid contents, but below the level of the 
liquid in the jar, reflected to the eye (or rather the air within it reflected) a pretty 
strong blue gleam, being no other than the epipolically dispersed light of the anterior 
surface of the liquid in the jar ; while all below (being glass in contact with the 
liquid on both sides and so deprived of reflective power on both surfaces) was com- 
pletely dark and almost invisible. 

When the interior test cylinder was sloped backwards from the incident light at 
an angle of about 70^ to the horizon, a beautiful and instructive feature was deve- 
loped. In this situation of things, the interior liquid being as usual the quinine solu- 
tion, and the exferior pure water ; to an eye perpendicularly over the surface, the whole 
anterior portion of the cylinder from below upwards to the surface of the interior liquid, 
appeared coated as it were internally with a most delicate and beautiful blue film of 
^ctreme tenuity and perfect transparency, presenting a singular ghost-like appear- 
ance, easier produced than described. This being seen through the cylinder, by an 
eye situated externally to its prolongation, affords a proof that the epipolic dispersion 
takes place in all directions : but except in this mode of viewing it the rays dispersed 
outwards cannot reach the eye, or not in abundance (for which a very oblique inci- 
dence is requii*ed), being at such an incidence inteiiially and totally reflected by the 
outer surface of the glass. To see this to advantage an eye-tube internally blackened 
should be used to guard the eye from extraneous light. Such a tube indeed is ge- 
nerally advantageous in all these experiments. 

If, instead of water, the test cylinder be plunged into a solution of quinine, all 
dse remaining as before, the blue film in question totally disappears. I tried a great 
many other liquids, all in fact which I had at hand in sufficient quantity and colour- 



150 SIR J. P. W. HERSCHEL ON* THE 

less, or but little coloured, in hopes of discoTering something which might el»cid«tt 
the sabject. Strong alcohol, solation of corrosive sublimate, ammonia, &c. acted m 
water ; allowing the blue film to be seen externally at a perpendicular iocideneeW 
the visual ray to the surface of tbe liquid. With' strong sulpburie acid, and with 
muriate of lime so concentrated as to be syrupy, this was not possible, but the filni 
became visible, and of its full intensity, on moving the eye forward (i. e. towards the 
incident light). When sulphate of manganese was used, its delicate pale ro8e-c#^ 
lour no way prevented a fine exhibition of the blue film (a point to which I shall bavt 
occasion to revert). CM the other hand, the lemon yellow-coloor of nitrate of nm^ 
nium (a much fuller tint) materially enfeebled, though it did not prevent tbe forma^ 
tion of the film. This last effect did however appear to be produced by two liquid^ 
viz. pyi*oxylic spirit in a small degree, and oil of turpentine in a much greater ; th€ 
effect in this case being very obviously much more than could justly be attributed to 
a trifling tinge of yellow in the oil (which was not fresh), as I satisfied myself by a 
comparative experiment with water purposely coloured to a similar tint of g r eater 
intensity. Neither of these liquids however was found on trial in the test eyliader, 
or otherwise, to possess in the smallest degi-ee the property of epipolic dispersion; 
jwv have I found any other liquid which does so. 

Exp. 3. Among solids the only one I am acquainted with possessed of a simi* 
lar property, is the green fluor of Alston Moor, which exhibits by superfieM 
dispei'sion a fine deep blue colour, very different from the inherent or absorpdvt 
colour of the mineral. This is strictly an epipolic tint, as the following experinent 
will show, and at the same time affords another, and not a little striking confirmation 
of the genei-al proposition announced in p. 148. I should premise that to see the 
epipolic colour of the fluor in perfection, it must be laid on black velvet, or tbe re^ 
flexion of light from its posterior surfaces must be destroyed by roughening aad 
coating them with black sealing-wax. In this state, if exposed to daylight at a 
window, and viewed through a blackened eye-tube, it is se^i not as a green^ but as a 
fine deep blue crystal. 

If a piece of floor so prepared be placed in water in a glass standing on black 
velvet, the blue epipolic colour is seen greatly heightened. But if the water be 
exchanged for a solution of quinine, this colour is completely destroyed and the 
surface appears simply black. To make the experiment successfully, the greatest care 
must be taken to cut off all lateral or reflected light. The arrangement I adopted 
was, to coat a fluor as above described, and fastening it with black sealing-wax t» 
a wire,.to lower it into the coated jar described in Exp. 4, filled alternately with a 
solution of quinine and with pure water. Using the eye-tube for further precaation, 
the destruction of the epipolic tint by the solution was quite as complete as if instead 
of the fluor a test glass full of the quiniferous solution had been used. 

It would certainly appear from these experiments that the residual beam after on- 
dergoing epipolic dispersion had lost some constituent portion, or otherwise under- 
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gone some qualitative modification which niigfat be considered as rendering it spe- 
cificaUy di&rent from the incident beam. It cannot be the mere tinge t)f colour 
which the loss of so small a portion of blue light has given to it. There is still plenty 
of blue light left, and the experiment on sulphate of manganese proves that a mere 
absorption of a much larger proportion of the blue rays has not the same effect* 
Moreover the portion of light dispersed traverses the solution of quinine with perfect 
fiicility, proving that no peculiar absorptive power is exercised by that medium on 
these rays ; nor indeed would the separation of such rays by dispersion at the surface 
in any way tinge the medium itseif with a complementary tint, but only the residual 
beam* 

I come now to the examination of the dispersed portion of the light. As just 
remarked, when once dispersed it is freely transmitted. The epipolic colour is seen 
as well, in a long test-cylinder filled with the solution, at the bottom of the tube 
as at the top, when viewed by an eye situated in its axis, supposed vertical. If all 
light be cut off from the tube by a sheet of black paper rolled round it, except from 
the lowest inch of its length, that inch is seen to gleam with quite as intense a colour 
as when the uppermost inch only is so exposed. 

I have already had occasion to remark that the epipolic tint is a compound one. 
To obtain a pure ray for prismatic analysis, a cylindrical g^ass jar with perpendicular 
sides was pu*tly filled with the quiniferous liquid and placed in a strong light, the 
whole anterior side being coated with black paper rising somewhat above the level 
of the liquid. The eye was then placed in such a position, below that level, that the 
visual ray proceeding from it would suffer total reflexion at the under surface. For 
comparison, a similar vessel of water, similarly shaded, was placed beside it. The 
sar&ce of this, sio viewed from below, was of course perfectly black, no ray from 
above being able so to penetrate it as to reach the eye. Not so the quiniferous solu- 
tion. In this the under surface was wholly visible, of a fine blue colour, considerably 
deeper in tint than in the oixlinary mode of viewing it, though not of so nch and 
saturated a character as the epipolic blue of the fluor. It was, however, much more 
InmiiMNis, and being thus completely purified from all possible admixture of regularly 
refracted or reflected light, was well-adapted for prismatic analysis. 

By raising the eye exactly to the horizontal level of the surface of the liquid, 
the whole of that surface became of course foreshortened into a narrow blue line. 
And in this situation it became perfectly evident that this line was not a mere elon- 
gated ellipse the perspective representation of the ciroular area of the surfi&ce, but a 
very narrow parallelogram^ having a breadth of about a fiftieth of an inch, of a vivid 
and nearly uniform blue colour over its whole breadth. This proves that the epipolic 
dispersion takes place within the liquid, and almost wholly within a distance not 
exceeding one-fiftieth of an inch from the surfiEice. I say almost wholly ; for when 
a sunbeam was directed downwards on the surface, by total reflexion from the base 
of a prism, a feeble blue gleam was observed to extend downwards below this vivid 
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line to nearly half an inch from the surface, thus leaving it doubtful whether some 
small amount of dispersion may not be effected in the interior of the medium at ap- 
preciable depths. 

The narrow blue line above described was viewed through a Fraunhofer flint 
prism. The spectrum was deficient at the red end by the totality of the purer and 
less refi*angible red, nearly the whole orange, and all the yellow. A rich and broad 
band of fine green light slightly fringed with red on the less refrangible side, passed 
suddenly, on the more refrangible, to a copious indigo and violet without any inter- 
mediately graduating blue. Either from want of sufl9cient brightness, or from some 
other cause, no black lines were seen ; as far as mere illumination went, the spectrum 
developed appeared continuous. 

It appears from this that no one prismatic ray in particular is selected for epi- 
polic dispersion, but that a certain small per-centage of rays extending over a great 
range of refrangibility are subject to be so affected, the less refmngible extreme being 
however wholly excluded, as well as the majority of all below a mean refrangibility. 

The epipolic colour is more intense the more oblique the visual ray is to the 
dispersing surface. This, which would be inexplicable on the supposition of the 
dispersion being effected rigorously at the geometrical surface of the medium, is a 
necessary consequence of its taking place within a superficial stratum of very small, 
but appreciable thickness, or according to a law of intensity decreasing with great 
rapidity as the depth within the medium increases. It has been already shown that 
the dispersion is not confined to the interior of the liquid, but that a large portion of 
the dispersed light is directed outwards, Exp. 4. The more oblique portions of this 
(which are also the more intense) inquire, as is there shown, peculiar management to 
render them Tisible. Tiiose whose inclination to the dispersive surface is greater, 
may also be subjected to ocular inspection, by carefully destroying all regularly re- 
flected or accidental light. Thus, if on a surface of black paper two blots be made^ 
the one of water, the other of a solution of quinine, and if these be laid before a 
window and viewed through a blackened tube in any direction but that of regular 
reflexion, the water will appear perfectly black, the quinine feebly blue. But however 
oblique to the surface the visual ray may be in this case, no great accession of inten- 
sity takes place in the epipolic tint, for this obvious reason, that the dispersing 
stmtum being within the medium, no ray dispersed by it can penetrate the surface, 
which has not an inclination thereto exceeding 41® 22', at which angle, therefore, it 
must cut the stratum, and cannot therefore traverse any great extent of it bodily. 

Hence, moreover, on the other hand, the internally dispersed light, at great obli- 
quities to the surface (supposed in contact with air), will be reinforced by all that 
portion which would have penetrated the surface and gone into the air but for the 
law of total reflexion ; all the dispersed rays, that is to say, whose inclination to the 
surface is less than 41® 22'. This consideration helps to explain the great comparative 
intensity which the dispersed beam possesses under such circumstances. 
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As it has been clearly shown that a beam of white light from which certain 
rays have been separated by epipolic dispersion is no longer susceptible of producing 
the epipolic phenomena^ it would seem a natural and almost a necessary conclu- 
sion, that the rays so separated ought to be wholly j or in a very high degree, so 
dispersed when incident on an epipolizing surface. But the whole history of physical 
optics is one continued warning against such seeming logical conclusions ; and in 
this case also the conclusion is not borne out by fact. Thus in Exp. 2 and 4, abun- 
dance of rays internally dispersed must of necessity have been incident on the new 
surface presented to them, yet no fresh dispersion whatever took place. I may add 
too that in experiments made with considerable care to exclude all other light from 
incidence on a quiniferous surface, but such as had originated in epipolic dispersion^ 
I have not succeeded in obtaining any indication of their susceptibility of being a 
second time so dispersed. Though from the obscurity of such rays as compared with 
direct light, these trials can hardly be considered as proving a negative, yet they 
certainly go very far towards proving the absence of any peculiar susceptibility in 
those rays to this particular affebtion. 



J. F. W. Hbrschel. 



Collingwood^ March 1, 1845. 



Note added during the Printing. — Professor Graham has had the kindness to 
transmit to me a specimen of an alkaloid, extracted from the brown coat of the seed 
of the chestnut, to which the name Esculine has been given, which possesses in per- 
fection the property of epipolic dispersion when in dilute solution, in which state it 
precisely resembles quinine. The same eminent chemist refers also to a peculiar oil 
called Colophene, formed by the regulated action of sulphuric acid on oil of tur- 
pentine, which by his description of its phenomena, must also be an epipolizing liquid 
of a similar character. 

J. F. W. H. 
May 12, 1845. 



MOCCCXLV. 



[ 155 ] 



VI. On the Liquefaction and Solidification of Bodies generally existing as Gases. By 
Michael Faraday^ Esq.y D.C.L. F.R.S., Fuller ian Prof. Chem. Royal Institution, 
Foreign Associate of the Acad. Sciences, Paris, Corr. Memb. Jdoyal and Imp. 
Acadd. of Sciences, Petersburgh, Florence, Copenhagen, Berlin, Gottingen, 
Modena, Stockholm, 8fc. Sfc. 

Received December 19, 1844, — Read January 9, 1845. 

1 HE experiments formerly made on the liquefaction of gases*, and the results which 
from time to time have been added to this branch of knowledge, especially by 
M. THiLORiER-f-, have left a constant desire on my mind to renew the investigation. 
This, with considerations arising out of the apparent simplicity and unity of the 
molecular constitution of all bodies when in the gaseous or vaporous state, which may 
be expected, according to the indications given by the experiments of M. Cagniard de 
LA Tour, to pass by some simple law into their liquid state, and also the hope of seeing 
nitrogen, oxygen, and hydrogen, either as liquid or solid bodies, and the latter probably 
as a metal, have lately induced me to make many experiments on the subject ; and 
though my success has not been equal to my desire, still I hope some of the results 
obtained, and the means of obtaining them, may have an interest for the Royal Society; 
mo6e especially as the application of the latter may be carried much farther than I as 
yet have bad opportunity of applying them. My object, like that of some others, was 
to subject the gases to considerable pressure with considerable depression of temperai* 
ture. To obtain the pressure, I used mechanical force, applied by two air-pumps fixed 
to a table. The first pump had a piston of an inch in diameter, and the second a piston 
of only half an inch in diameter ; and these were so associated by a connecting pipe, 
that the first pump forced the gas into and through the valves of the second,* and tbea 
the second could be employed to throw forward this gas, already condensed to ten, 
fifteen, or twenty atmospheres, into its final recipient at a much higher pressure. 

The gases to be experimented with were either prepared and retained in gas 
holders or gas jars, or else^ when the pumps were dispensed with, were evolved ia 
strong glass vessels, and sent under pressure into the condensing tubes. When the 
gases were over water, or likely to contain water, they passed, in their way from the 
air-holder to the pump, through a coil of thin glass tube retained in a vessel filled 
with a good mixture of ice and salt, and therefore at the temperature of 0^ Faur. ; the 
water that was condensed here was all deposited in the first two inches of the coiL 

* PhiloBophical Transactions, 1823, pp. 160, 189. f Annales de Ghimie, 1835, Ix. 427, 432. . 

x2 
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The condensing tubes were of green bottle glass^ being from ^tb to ^tb of an inch 
external diameter, and from -^ to •j'jyth of an ihcb in thickness. Tbey were chiefly 
of two kinds^ about eleven and nine inches in length ; the one, when horizontal, 
having a curve downward near one end to dip into a cold bath, and the other, being 
in form like an inverted siphon, could have the bend cooled also in the same manner 
when necessary. Into the straight part of the horizontal tube, and the longest leg of 
the siphon tube, pressure gauges were introduced when required. 

Fig. 1. 




Fig. 2. 




Caps, stop-cocks and connecting pieces were employed to attach the glass tubes to 
the pumps, and these, being of brass, were of the usual character of those employed 
for operations with gas, except that they were small and carefully made. The caps 
were of such size that the ends of the glass tubes entered freely into them, and had 
rings or a female screw worm cut in the interior, against which the cement was to 
adhere. The ends of the glass tubes were roughened by a file, and when a cap was to 
be fastened on, both it and the end of the tube were made so warm that the cement *9 
when applied, was thoroughly melted in contact with these parts, before the tube and 
cap were brought together and finally adjusted to each other. These junctions bore 
a pressure of thirty, forty, and fifty atmospheres, with only one failure, in above one 
hundred instances ; and that produced no complete separation of parts, but simply a 
small leak. 

The caps, stop-cocks, and connectors, screwed one into the other, having one com* 
mon screw thread, so as to be combined in any necessary manner. There were also 
screw plugs, some solid, with a male screw to close the openings or ends of caps, &c.j 
others with a female screw to cover and close the ends of stop-cocks. All these screw 
joints were made tight by leaden washers ; and by having these of different thickness, 
equal to from f th to -^th of the distance between one turn of the screw thread and 
the nei^t, it was easy at once to select the washer which should allow a sufficient 
compression in screwing up to make all air-tight, and also bring every part of the 
apparatus into its right position. 

* Five parts of renn, one part of yellow bees'- wax, and one part of red ochre, by weight, melted together. 
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I have often put a pressure of fifty atmospheres into these tubes, and have had 
no accident or failure (except the one mentioned). With the assistance of Mr. 
Addams I have tried their strength by a hydrostatic press, and obtained the following 
results : — ^A tube having an external diameter of 0'24 of an inch and a thickness of 
©•0175 of an inch, burst with a pressure of sixty-seven atmospheres, reckoning one 
atmosphere as 1 5 lb. on the square inch. A tube which had been used, of the shape of 
fig. 1^ its external diameter being 0*225 of an inch, and its thickness about 0*03 of 
an inch, sustained a pressure of 118 atmospheres without breaking, or any failure of 
the caps or cement, and was then removed for further use. 

A tube such as I have employed for generating gases under pressure, having an 
external diameter of 0'6 of an inch^ and a thickness of 0*035 of an inch^ burst at 
twenty-five atmospheres. 

Having these data, it was easy to select tubes abundantly sufl9cient in strength to 
sustain any force which was likely to be exerted within them in any given experi- 
ment. 

The gauge used to estimate the degree of pressure to which the gas within the con- 
densing tube was subjected was of the same kind as those formerly described^, being 
a small tube of glass closed at one end with a cylinder of mercury moving in it. So 
the expression of ten or twenty atmospheres^ means a force which is able to compress 
a given portion of air into t'o^h ^^ 'sP&^h of its bulk at the pressure of one atmosphere 
of thirty inches of mercury. These gauges had their graduation marked on them 
with a black varnish, and also with Indian ink : — there are several of the gases which^ 
when condensed, cause the varnish to liquefy, but then the Indian ink stood. For 
further precaution, an exact copy of the gauge was taken on paper, to be applied on 
the outside of the condensing tube. In most cases, when the experiment was over^ 
the pressure was removed from the interior of the apparatus, to ascertain whether 
the mercury in the gauge would return back to its first or starting-place. 

For the application of cold to these tubes a bath of Thilorier*s mixture of solid 
carbonic acid and ether was used. An earthenware dish of the capacity of four cubic 
inches or more was fitted into a similar dish somewhat larger, with three or four folds 
of dry flannel intervening, and then the bath mixture was made in the inner dish. 
Such a bath will easily continue for twenty or thirty minutes^ retaining solid carbonic 
acid the whole time ; and the glass tubes used would sustain sudden immersion in it 
without breaking. 

But as my hopes of any success beyond that heretofore obtained depended more 
upon depression of temperature than on the pressure which I could employ in these 
tubes, I endeavoured to obtain a still greater degree -of cold. There are^ in fact, 
some results producible by cold which no pressure may be able to effect. Thus, 
solidification has not as yet been conferred on a fluid by any degree of pressure. 
Again, that beautiful condition which Cagniard de la Tour has made known, and 

* PhiloBophical Transactions, 1823, p. 192. 
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which comes on with liquids at a certaia heat, may have its point of temperature for 
some of the bodies to be experimented with, as oxygen, hydrogen, nitrogen, &c., below 
that belonging to the bath of carbonic aeid and ether ; and, in that case, no pressiire 
which any appamtus could bear would be able to bring them into the liquid or solid 
state. 

To procure this lower degree of cold, the bath of carbonic acid and ether wa& put 
into an air-pump, and the air and gaseous carbonic acid rapidly removed. In this 
way the temperature fell so low, that the vapour of carbonic acid given off by the 
bath, instead of having a pressure of one atmosphere, had only a pressure of T^h of 
an atmosphere, or 1*2 inch of mercury; for the air-pump barometer could be kept 
at 28*2 inches when the ordinary barometer was at 29*4. At this low temperature 
the carbonic acid mixed with the ether was not more volatile than water at the 
temperature of 86% or alcohol at ordinary temperatures. 

In order to obtain some idea of this tcmpemture^ I had an alcohol thermometer 
made, of which the graduation was carried below 32° Fahr., by degrees equal in 
capacity to those between 32° and 212°. When this thermometer was put into the 
bath of carbonic acid and ether surrounded by the air, but covered over with paper, 
it gave the temperature of 106° below 0°. When it was introduced into the bath 
under the air-pump, it sank to the temperature of 166"^ below 0° ; or 60^ below the 
temperature of the same bath at the pressure of one atmosphere, i. e. in the air. la 
this state the ether was very fluid, and the bath could be kept in good order for a 
quarter of an hour at a time. 

As the exhaustion proceeded I observed the temperature of the bath and the corre^ 
spending pi'essure, at certain other points, of which the following maybe recorded: — 
The external barometer was 29*4 inches : 

inch. Fahb. 

o 

when the mercury in the air-pump barometer was 1 . the bath temperature was— 106, 

10 — IMi, 

20 .. —121, 

22 —125, 

24 —131, 

26 -139, 

• * ^/ *• •• •• •• ^"^ A40^ ' 

. • ^O •• •• •• ^" ICfv, 

28-2 —166; 

but as the thermometer takes some time to acquire the temperature of the bath, amd 
the latter was continually falling in deg^ree ; as also the alcohol thickens considerably 
at the lower temperature, there is no doubt that the degrees expressed are not so knr 
as they ought to be, perhaps even by 5° or 6^ in most cases. 

With dry carbonic acid under the air-pump receiver I could raise the pump bara* 
meter to twenty-nine inches when the external barometer was at thirty inches. 
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T%e arrangement by which this cooling power was combined in its effect on gases 
with the pressure of the purops^ was very simple in principle. An air-pump receiver 
open at the top was employed ; the brass plate which closed the aperture had a small 
brass tube about six inches long, passing, through it air-tight by means of a staffing* 
box^ so as to move easily np and down in a vertical direction. One of the glass con* 
densing siphon tubes, already described, fig. 1, was screwed on to the lower end of 
the sliding tube^ and the upper end of the latter was connected with a communis 
eating tube in two lengths, reaching from it to the condensing pumps ; this tube was 
small, of brass, and 9^ feet in length ; it passed six inches horizontally from the 
condensing pumps, then rose vertically for two feet, afterwards proceeded horizontally 
for seven feet, and finally turned down and was immediately connected with the 
sliding tube. By this means the latter could be raised and lowered vertically, 
without any strain upon the connexions, and the condensing tube lowered into the 
cold bath in vacuo, or raised to have its contents examined at pleasure. The capa* 
city of the connecting tubes beyond the last condensing pump was only two cubic 
inches. 

When experimenting with any particular gas, the apparatus was put together fast 
and tight, except the solid terminal screw-plug at the short end of the condensing 
tube, which being the veiy extremity of the apparatus, was left a little loose. Then, 
by the condensing pumps, abundance of gas was passed through the apparatus to 
sweep out every portion of air, after which the terminal plug was screwed up, the 
cold bath arranged, and the combined effects of cold and pressure brought to unite 
upon the gas. 

There are many gases which condense at less than the pressure of one atmosphere 
when submitted to the cold of a carbonic acid bath in air (which latter can upon 
occasions be brought considerably below —106° Fahr.). These it was easy, therefore, 
to reduce, by sending them through small conducting tubes into tubular receivers 
placed in the cold bath. When the receivers had previously been softened in a spirit 
lamp flame, and narrow necks formed on them, it was not difficult by a little further 
management, hermetically to seal up these substances in their condensed state. In 
this manner chlorine, cyanogen, ammonia, sulphuretted hydrogen, arseniuretted hy- 
drogen, hydriodic acid, hydrobromic acid, and even carbonic acid, were obtained, 
sealed up in tubes in the liquid state ; and euchlorine was also secured in a tube 
receiver with a cap and screw-plug. By using a carbonic acid bath, first cooled in 
vacuo, there is no doubt other condensed gases could be secured in the same way. 

The fluid carbonic acid was supplied to me by Mr. Addams, in his perfect apparatus, 
in portions of about 220 cubic inches each. The solid carbonic acid, when produced 
from it, was preserved in a glass ; itself retained in the middle of three concentric 
glass jars, separated from each other by dry jackets of woollen cloth. So effectual 
was this arrangement, that I have frequently worked for a whole day of twelve and 
fourteen hours, having solid carbonic acid in the reservoir, and enough for all 
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the baths I required during the whole time, produced by one supply of 220 cubic 
inches*. 

By the apparatus, and in the manner, now described, all the gases before condensed 
were very easily reduced, and some new results were obtained. When a gas was 
liquefied, it was easy to close the stop-cock, and then remove the condensing tube 
with the fluid from the rest of the apparatus. But in order to preserve the liquid 
from escaping as gas, a further precaution was necessary ; namely, to cover over the 
exposed end of the stop-cock by a blank female screw-cap and leaden washer, and 
also to tighten perfectly the screw of the stop-cock plug. With these precautions I 
have kept carbonic acid, nitrous oxide, fluosilicon, &c. for several days. 

Even with gases which could be condensed by the carbonic acid bath in air^ this 
apparatus in the air-pump had, in one respect, the advantage ; for when the conden- 
sing tube was lifted out of the bath into the air, it immediately became covered vrith 
hoar frost, obscuring the view of that which was within ; but in vacuo this was not 
the case, and the contents of the tube could be very well examined by the eye. 

Olefiant gas. — ^This gas condensed into a clear, colourless, transparent fluid, but did 
not become solid even in the carbonic acid bath in vacuo ; whether this was because 
the temperature was not low enough, or for other reasons referred to in the account 
of euchlorine, is uncertain. 

The pressure of the vapour of this substance at the temperature of the carbonic 
acid bath in air (— 103^Fahr.) appeared singularly uncertain, being on different 
occasions, and with different specimens, 3*7) S'T^ 5 and 6 atmospheres. The Table 
below shows the tension of vapour for certain degrees below 0® Fahr., with two dif- 
ferent specimens obtained at different times, and it will illustrate this point. 



Fahr. 






Atmospheres. 






Atmospheres. 


— 100 ... . 4-60 .... 9-30 


— 90 . . 






. 6-68 , 








, 10-26 


- 80 . . 






. 6-92 . 








, 11-33 


- 70 . . 






. 8-32 . 








, 12-52 


- 60 . . 






, 9-88 , 








, 13-86 


- 50 . . 






. 1172 . 








, 15-36 


— 40 . . 






, 13-94 








. 17-05 


- 30 . , 






. 16*56 








. 18-98 


— 20 . . 






19-58 . 








, 21-23 


— 10 . 














. 23-89 


. . 














. 27*18 


10 . 














. 31-70 


20 . 














. 36-80 


30 . . 

- ifj 1 •_ 


• 




1* 1 


« 


M 


• « 


. 42-50 



* On one occasion the solid carbonic acid was exceedingly electric^ but I could not produce the effect again : 
it was probably connected with the presence of oil which was in the carbonic acid box ; neither it nor the fik- 
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I have not yet resolved this irregularity, but believe there are two or more sub- 
stances, physically, and perhaps occasionally chemically different, in olefiant gas ; 
and varying in proportion with the circumstances of heat, proportions of ingredients, 
&c. attending the preparation. 

The fluid affected the resin of the gauge graduation, and probably also the resin 
of the cap cement, though slowly. 

Hydriodic acid. — ^This substance was prepared from the iodide of phosphorus by 
heating it with a very little water. It is easily condensable by the temperature of a 
carbonic acid bath : it was redistilled, and thus obtained perfectly pure. 

The acid may be obtained either in the solid or liquid, or (of course) in the gaseous 
state. As a solid it is perfectly clear, transparent, and colourless ; having fissures 
or cracks in it resembling those that run through ice. Its solidifying temperature is 
nearly —60° Fahr., and then its vapour has not the pressure of one atmosphere ; at a 
point a little higher it becomes a clear liquid, and this point is close upon that which 
corresponds to a vaporous pressure of one atmosphere. The acid dissolves the cap 
cement and the bitumen of the gauge graduation ; and appears also to dissolve and 
act on fat, for it leaked by the plug of the stop-cock with remarkable facility. It 
acts on the brass of the apparatus, and also on the mercury in the gauge. Hence the 
following results as to pressures and temperatures are not to be considered more 
than approximations : — 

At (f Fahr. pressure was 2-9 atmospheres. 
At 32° Fahr. pressure was 3*97 atmospheres. 
At 60° Fahr. pressure was 5*86 atmospheres. 

Hydrohromic acid. — ^This acid was prepared by adding to perbromide of phos- 
phorus* about one-third of its bulk of water in a proper distillatory apparatus 
formed of glass tube, and then applying heat to distil off the gaseous acid. This 
being sent into a very cold receiver, was condensed into a liquid, which being rec- 
tified by a second distillation, was then experimented with. 

Hydrohromic acid condenses into a clear colourless liquid at 100° below 0°, or 
lower, and has not the pressure of one atmosphere at the temperature of the carbonic 
acid bath in air. It soon obstructs and renders the motion of the mercury in the air- 
gauge irregular, so that I did not obtain a measure of its elastic force ; but it is less 
than that of muriatic acid. At and below the temperature of —124° Fahr. it is a 

ments of ice which formed on it in the air conducted, for when touched it preserved its electric state. Believing 
as yet that the account I have given of the cause of the electric state of an issuing jet of steam and water (Phil. 
Trans. 1843, p. 17) is the true one, I conclude that this also was a case of the production of electricity simply 
by friction, and unconnected with vaporization. 

* The bromides of phosphorus are easily made without risk of explosion. If a glass tube be bent so as to 
have two depressions, phosphorus placed in one and bromine in the other ; then by inclining the tube, the 
vapour of bromine can be made to flow gradually on to, and combine with, the phosphorus. The fluid proto- 
bromide is first formed, and this is afterwards converted into solid perbromide. The excess of bromine may be 
dissipated by the careful application of heat. 
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solid, transparent, crystalline body. It does not freeze until rednced much longer 
than this temperature ; but being frozen by the carbonic acid bath in vacuo, it re- 
mains a solid until the temperature in rising attains to —124^. 

Fluosilicon. — I found that this substance in the gaseous state might be broug^ 
in contact with the oil and metal of the pumps, without causing injury to them, for 
a time sufficiently long to apply the joint process of condensation already described. 
The substance liquefied under a pressure of about nine atmospheres at the lowest tem- 
perature, or at 160^ below 0^; and was then clear, transparent, colourless, and very 
fluid like hot ether. It did not solidify at any temperature to which I could submit 
it. I was able to preserve it in the tube until the next day. Some leakage had then 
taken place (for it ultimately acted on the lubricating fat of the stop-cock), and there 
was no liquid in the tube at comipon temperatures ; but when the bend of the tube 
was cooled to 32° by a little ice, fluid appeared : a bath of ice and salt caused a still 
more abundant condensation. The pressure appeared then to be above thirty at- 
mospheres, but the motion of the mercury in the gauge had become obstructed through 
the action of the fluosilicon, and no confidence could be reposed in its indications. 

Phosphuretted hydrogen. —This gas was prepared by boiling phosphorus in a strong 
pure solution of caustic potassa, and the gas was preserved over water in a dark room 
for several days to cause the deposition of any mere vapour of phosphorus which it 
might contain. It was then subjected to high pressure in a tube cooled by a carbonic 
acid batli, which had itself been cooled under the receiver of the air-pump. The gas 
in its way to the pumps passed through a long spiral of thin narrow glass tube im- 
mersed in a mixture of ice and salt at 0°, to remove as much water from it as possible. 

By these means the phosphuretted hydrogen was liquefied ; for a pure, clear, colour- 
less, transparent and veiy limpid fluid appeared, which could not be solidified by any 
temperature applied, and which when the pressure was taken off immediately rose 
again in the form of gas. Still the whole of the gas was not condensable into this 
fluid. By working the pumps the pressure would rise up to twenty-five atmospheres 
at this very low temperature, and yet at the pressure of two or three atmospheres and 
the same temperature, liquid would remain. There can be no doubt that phosphu- 
retted hydrogen condensed, but neither can there be a doubt that some other gas, 
not so condensable, was also present, which perhaps may be either another phosphu- 
retted hydrogen or hydrogen itself. 

Fluohoron. — ^I'his substance was prepared from fluor spar, fused boracic acid and 
strong sulphuric acid, in a tube generator such as that already described, and con- 
ducted into a condensing tube under the generating pressure. The ordinary car- 
bonic acid bath did not condense it, but the application of one cooled under the air- 
pump caused its liquefaction, and fluoboron then appeared as a very limpid, colour- 
less, clear fluid, showing no signs of solidification, but when at the lowest tempe- 
rature mobile as hot ether. When the pressure was taken off, or the temperature 
raised, it returned into the state of gas. 
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The following are some results of pressure, all that I could obtain witli tbe liquid 
in my possession ; for, as the liquid is light and the gas heavy, the former rapidly 
disappears in producing the latter. They make no pretensions to accuracy, and are 
given only for general information. 



Farr. 

-100 
— 82 



Atmospberes. 
. 4-61 

. 7-5 



Fahb. 

o 

-72 

-66 



Atmospheres. 

. 9-23 
. 1000 



Fabb. 

e 

-62 



Atmofpherei. 
. 11-54. 



Tbe preceding are, as far as I am aware, new results of the liquefaction and solidi- 
fication of gases. I will now briefly add such other information respecting solidifi- 
cation, pressure, &c., as I have obtained with gaseous bodies previously condensed. 
As to pressure, considerable irregularity often occurred, which I cannot always refer 
to its true cause ; sometimes a little of the compressed gas would creep by the mer- 
cury in the gauge, and increase the volume of inclosed air ; and this varied with 
differei^t substances, probably by some tendency wliich the glass had to favour the 
condensation of one (by something analogous to hygrometric action) more than 
another. But even when the mercury returned to its place in the gauge, there were 
anomalies which seemed to imply, that a substance, supposed to be one, might be a 
mixture of two or more. It is, of course, essential that the gauge be preserved at the 
same temperature throughout the observations. 

Muriatic acid. — This substance did not freeze at the lowest temperature to which 
I could attain. Liquid muriatic acid dissolves bitumen ; the solution, liberated from 
pressure, boils, giving off muriatic acid vapour, and the bitumen is left in a solid 
frothy state, and probably altered, in some degree, chemically. The acid unites 
with and softens the resinous cap cement, but leaves it when the pressure is dimi- 
nished. The following are certain pressures and temperatures which, I believe, are 
not very far from truth ; the marked numbers are from experiment. 



Fahb. 


Atmospheres. 


Fahb. 


Atmospheres. 


Fahb. 


Atmospheres. 


«.-i6o . , 


. . 1-80 


«-53 . , 


, . 5-83 


o 

«- 5 . 


. . 13-88 


«— 92 . , 


. . 2-28 


-50 . . 


, . 6-30 


^ . 


. . 15-04 


— 90 . . 


. . 2-38 


«— 42 . , 


. . 7*40 


10 . , 


. . 1774 


w— 83 . . 


. . 2-90 


—40 . , 


. . 7-68 


20 . , 


. . 21-09 


— 80 . . 


. . 312 


«— 33 . , 


. . 8-53 


- 25 . . 


, . 23-08 


— 77 . . 


. . 3-37 


—30 . . 


. 9-22 


30 . . 


. 25-32 


- 70 . . 


, . 402 


«— 22 . , 


. . 10-66 


« 32 . . 


. . 26-20 


V— 67 . . 


. . 4-26 


—20 . . 


, . 10-92 


40 . . 


. 30-67 


— 60 . , 


, . 508 


— 10 . . 


. . 12-82 







The result formerly obtained* was forty atmospheres at the temperature of 50*^ Fahr. 



* Philosophical Transactions, 1823, p. 198. 

y2 
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Sulphurous add. — When liquid^ it dissolves bitumen. It becomes a crystalline^ 
transparent, colourless, solid body, at —105^ Fahr. ; when partly frozen the crystals 
are well-formed. The solid sulphurous acid is heavier than the liquid, and sinks 
freely in it. The following is a table of pressures in atmospheres of 30 inches mer- 
cury, of which the marked results are from many observations, the others are in- 
terpolated. They differ considerably from the results obtained by Bunsbn*, but 
agree with my first and only result. 



Fabb. 


Atmospheres. 


Faer. 


Atmospheres. 


Fabb. 


Atmospheres. 


. . 


. 0725 


40 . , 


. . 1-78 


76-8 . , 


. . 3-60 


10 . .. 


. 0-92 


46-6 . , 


. . 200 


85 . . 


. . 4-00 


wl4 . . 


, 1-00 


«48 . , 


. . 2-06 


« 90 . , 


. . 4-35 


«19 . . 


. 112 


«56 . . 


, . 2-42 


93 . . 


, . 4-60 


w23 . . . 


, 1-23 . 


58 . . 


. . 2-50 


98 . . 


, . 500 


v26 . . . 


, 1-33 


«64 . , 


. . 2-76 


«100 . , 


. . 5-16 


31-6 . . . 


1-50 


68 . . 


, . 300 


' 104 . . 


, . 5-60 


w32 . . . 


1-53 


^73-5 . . 


, . 3-28 


110 . , 


. . 600 


w33 . . . 


1-67 




• 







Sulphuretted hydrogen. — ^This substance solidifies at 122° Fahr. below 0®, and is 
then a white crystalline translucent substance, not remaining clear and transparent 
in the solid state like water, carbonic acid, nitrous oxide, &c., but forming a mass 
of confused crystals like common salt or nitrate of ammonia, solidified from the 
melted state. As it fuses at temperatures above —122°, the solid part sinks freely 
in the fluid, indicating that it is considerably heavier. At this temperature the press- 
ure of its vapour is less than one atmosphere, not more, probably, than 0*8 of an atmo- 
sphere, so that the liquid allowed to evaporate in the air would not solidify as car- 
bonic acid does. 

The following is a table of the tension of its vapour, the marked numbers being 
close to experimental results, and the rest intei*polated. The curve resulting from 
these numbers, though coming out nearly identical in different series of experiments^ 
is apparently so different in its character from that of water or carbonic acid, as to 
leave doubts on my mind respecting it, or else of the identity of every portion of the 
fluid obtained, yet the ciystallization and other characters of the latter seemed to 
show that it was a pure substance. 

* Biblioth^ue Umyenelle, 1839, zziii. p. 185. 
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Fabb. 


Atmospheres. 


Fabb. 


Atmospheres. 


Fabb. 


Atmospheres. 


— 100 . 


. . 102 


—60 . 


. . 2-35 




. 


. . 610 


w— 94 . 


. . 1-09 


w— 45 . 


. . 2-59 


10 . , 


. . 7*21 


w— 90 . 


. . 1-16 


w-40 . , 


. . 2-86 


20 . . 


. . 8-44 


«- 83 . 


. . 1-27 


-30 . , 


. . 3-49 


«26 . , 


. . 9-36 


— 80 . 


. . 1-33 


«— 24 . 


. . 3-95 


30 . . 


. . 9-94 


w— 74 . 


. . 1-50 


«— 20 . . 


. 4-24 


40 . . 


, . 11-84 


- 10 • 


. . 1-59 


v-16 . . 


, . 4-60 


«48 . . 


. . 1370 


«— 68 . 


. . 1-67 


— 10 . . 


. 511 


50 . . 


. 1414 


— 60 . 


. . 1-93 


2 . . 


, . 5-90 


"52 . , 


. . 14-60 


«— 68 . 


. . 200 











Carbonic acid. — ^The solidification of carbonic acid by M. Thilorier is one of the 
most beautiful experimental results of modem times. He obtained the substance^ as 
is well known^ in the form of a concrete white mass like fine snow, aggregated. 
When it is melted and resolidified by a bath of low temperature, it then appears as a 
clear, transparent, crystalline, colourless body, like ice ; so clear, indeed, that at times 
it was doubtful to the eye whether anything was in the tube, yet at the same time 
the part was filled with solid carbonic acid. It melts at the temperatuVe of —70^ or 
—72^ Fahr., and the solid carbonic acid is heavier than the fluid bathing it. The 
solid or liquid carbonic acid at this temperature has a pressure of 5*33 atmospheres 
nearly. Hence it is easy to understand the readiness with which liquid carbonic 
acid, when allowed to escape into the air, exerting only a pressure of one atmosphere, 
freezes a part of itself by the evaporation of another part. 

Thilorier gives — 1 00® C. or — 1 48° Fahr. as the temperature at which carbonic acid 
becomes solid. This however is rather the temperature to which solid carbonic acid 
can sink by further evaporation in the air, and is a temperature belonging to a press- 
ure, not only lower than that of 5*33 atmospheres, but even much below that of one 
atmosphere. This cooling effect to temperatures below the boiling-point often ap- 
pears. A bath of carbonic acid and ether exposed to the mr will cool a tube con- 
tidning condensed solid carbonic acid, until the pressure within the tube is less than 
one atmosphere ; yet, if the same bath be covered up so as to have the pressure of 
one atmosphere of carbonic acid vapour over it, then the temperature is such as to 
produce a pressure of 2*5 atmospheres by the vapour of the solid carbonic acid within 
the tube. 

The estimates of the pressure of carbonic acid vapour are sadly at variance ; thus, 
Thilorier* says it has a pressure of 26 atmospheres at —4° Fahr., whilst Addams^ 
says that for that pressure it requires a temperature of 30^ Addams gives the press- 
ure about 27^ atmospheres at 32®, but Thilorier and myself { give it as 36 atmo- 
spheres at the same temperature. At 50® Brunel§ estimates the pressure as 60 



* Annales de Cbimie. 1835, Ix. 427, 432. 
} Philosophical Transactions, 1823, p. 193. 



t Report of British Association, 1838, p. 70. 
§ Royal Institution Journal, xxi. 132. 
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atmospheres, whilst Addams makes it only 34*6/ atmospheres. At 86° Thilorier 
finds the pressure to be 73 atmospheres ; at 4° more, or 9(fy Brunel makes it 120 
atmospheres ; and at 10° more, or 100% Addams makes it less than Thilorier at 86°, 
and only 62*32 atmospheres ; even at 1 50° the pressure with him i& not quite 100 
atmospheres. ' 

I am inclined to think that at about 90° Caoniard de la Tour^s state comes on 
with carbonic acid* From Thilorier's data we may obtain the specific gravity of 
the liquid and the vapour over it at the temperature of 86° Fahr., and the former is 
little more than twice that of the latter ; hence a few degrees more of temperature 
would bring them together, and Brunel's result seems to imply that the state was 
then on, but in that case Addams's results could only be accounted for by supposing 
that there was a deficiency of carbonic acid. The following are the pressures which 
I have recently obtained : — 



Fahb. 


Atmospheres. 


Fahb. 


Atmospheres. 


Fahb. 


Atmospheres. 


w-iii 


. . . 1-14 


—60 . , 


. . 6-97 


o 

«— 4 , 


. . . 21-48 


—no 


. . . 117 


«— 56 . . 


. . 770 


. 


. . . 22-84 


w— 107 


. . . 1-36 


-50 . . 


, . 8-88 


- 5 . 


. . . 24-75 


— 100 


. .. . 1-85 


—40 . . 


. . 1107 


w 10 . 


> . . 26-82 


w— 95 


. . . 2-28 


—34 . . 


. . 12-50 


V 15 . 


. . . 29^09 


— 90 


. . . 2-77 


—30 . . 


, . 13-54 


20 . 


. . . 30-66 


w— 83 


. . . 3-60 


—23 . . 


, . 15-45 


^ 23 . 


, . . 3316 


— 80 


. . . 3-93 


-20 . . 


, . 16-30 


30 . 


. . . 3719 


V— 75 


. . . 4-60 


"—15 . . 


. . 17-80 


w 32 . 


. . . 38-50 


- 70 


. . . 5-33 


— 10 . . 


. . 19-38 
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Carbonic acid is remarkable amongst bodies for the high tension of the vapour 
which it gives off whilst in the solid or glacial state. There is no other substance 
which at all comes near it in this respect, and it causes an invemon of what in all 
other cases is the natural order of«events* Thus, if, as is the case with water, ether^ 
mercury or any other fluid, that temperature at which carbonic acid gives off vapofor 
equal in elastic force to one atmosphere, be called its boiling-point ; or, if (to pro- 
duce the actual effect of ebullition) the carbonic acid be plunged below the surface 
of alcohol or ether, then we shall perceive that the freezing and boiling-points are 
inverted, i. e. that the freezing-point is the hotter, and the boiling-point the colder of 
the two, the latter being about 50® below the former. 

Euchlorine. — ^This substance was easily converted from the gaseous state into a 
solid crystalline body, which, by a little increase of temperature, melted into an 
orange-red fluid, and by diminution of temperature again congealed; the solid euchlo- 
rine had the colour and general appearance of bichromate of potassa ; it was mode-* 
rately hard, brittle and translucent; and the crystals were perfectly clear. It 
melted at the temperature of 7&^ below 0®, and the solid portion was heavier than 
the liquid. ^ 
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When in the solid state it g^ves off so little vapour that the eye is not sensible of 
its presence by any degree of colour in the air over it when looking down a tube 
four inches in lengthy at the bottom of which is the substance. Hence the pressure 
of its vapour at that temperature must be very small. 

Some hours after^ wishing to solidify the same portion of euchloriue which was 
then in a liquid state, I placed the tube in a bath at —110^, but could not succeed 
either by continuance of the tube in the bath, or shaking the fluid in the tube, or 
opening the tube to allow the full pressure of the atmosphere ; but when the liquid 
euchlorine was touched by a platinum wire it instantly became solid, and exhibited 
all the properties before described. There are many similar instances amongst ordi- 
nary substances, but the effect in this case makes me hesitate in concluding that 
all the gases which as yet have I'efused to solidify at temperatures as low as 166^ 
below 0°, cannot acquire the solid state at such a temperature. 

Nitrous oxide. — ^This substance was obtained solid by the temperature of the car- 
bonic acid bath in vactw, and appeared as a beautiful clear crystalline colourless body. 
The temperature required for this effect must have been very nearly the lowest, per- 
haps about 150® below (f. The pressure of the vapour rising from the solid nitrous 
oxide was less than one atmosphere. 

Hence it was concluded that liquid nitrous oxide could not freeze itself by evapo- 
ration at one atmosphere, as carbonic acid does ; and this was found to be true, for 
when a tube containing much liquid was freely opened, so as to allow evaporation 
down to one atmosphere, the liquid boiled and cooled itself, but remained a liquid. 
The cold produced by the evaporation was very great, and this was shown by putting 
the part of the tube containing the liquid nitrous oxide, into a cold bath of carbonic 
acid, for the latter was like a hot bath to the former, and instantly made it boil 
rapidly. 

I kept this substance for some weeks in a tube closed by stop-cocks and cemented 
caps. In that time there was no action on the bitumen of the graduation^ nor on 
the cement of the caps ; these bodies remained perfectly unaltered. 

Hence it is probable that this substance may be used in certain cases, instead of 
carbonic acid, to produce degrees of cold far below those which the latter body can 
supply. Down to a certain temperature, that of its solidification, it would not even 
require ether to give contact, and below that temperature it could easily be used 
mingled with ether ; its vapour would do no harm to an air-pump, and there is no 
doubt that the substance placed in vacuo would acquire a temperature lower than any 
as yet known, perhaps as far below the carbonic acid bath in vacuo as that is below 
the same bath in air. 

This substance, like defiant gas, gave very uncertain results at different times as 
to the pressure of its vapour ; results which can only be accounted for by supposing 
that there are two different bodies present, soluble in each other, but differing in the 
elasticity of their vapour. Four different portions gave at the same temperature. 
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namely^ —106° Fahr., the following great differences in pressure^ 1*66; 4*4; 5*0; 
and 6*3 atmospheres, and this after the elastic atmosphere left in the tubes at the 
conclusion of the condensation had been, allowed to escape, and be replaced by a por- 
tion of the respective liquids which then rose in vapour. The following Table gives 
certain results with a portion of liquid which exerted a pressure of six atmospheres at 
— 106''Fahr. 

Fahb. Atmospheres. Atmospheres. 

—40 10-20 

—35 10-95 

—30 11*80 

—25 12*75 

—20 13-80 

— 15 14-95 

— 10 16-20 

— 5 17*55 

1905 24-40 

5 20*70 2608 

10 22-50 27*84 

15 24-45 29-68 

20 26*55 31-62 

25 28-85 33*66 

30 35*82 

35 38-10 

The second column expresses the pressures given as the fluid was raised from low 
to higher temperatures. The third column shows the pressures given the next day 
with the same tube after it had attained to and continued at the atmospheric tem- 
perature for some hours. There is a difference of four or five atmospheres between 
the two, showing that in the first instance the previous low temperature had caused 
the solution of a more volatile part in the less volatile and liquid portion, and that the 
prolonged application of a higher temperature during the night had gradually raised 
it again in vapour. This result occurred again and again with the same spe- 
cimen*. 

Cyanogen. — ^This substance becomes a solid transparent crystalline body, as Bunsbn 
has already stated -f-, which raised to the temperature of — 30^Fahr. then liquefies. 
The solid and liquid appear to be nearly of the same specific gravity, but the solid is 
perhaps the denser of the two. 

* lliis substance is one of those which I liquefied in 1823 (see Philosophical Transactions). Since writing 
the above I perceive that M. Nattbrer has condensed it into the liqmd state by the use of pumps only (see 
Comptes Rendus, 1844, 18th Nov. p. 1111), and obtained the liquid in considerable quantities. Thenon*8oli« 
dification of it by exposure to the air perfectly accords with my own results. 

t Biblioth^ue Universelle, 1839, xxiii. p. 184. 
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The mixed solid and liqnid substance yields a vapour of rather less pressure than 
one atmosphere. In accordance with this result, if the liquid be exposed to the air, 
it does not freeze itself as carbonic acid does. 

The liquid tends to distil over and condense on the cap cement and bitumen of 
the gauge, but only slightly. When cyanogen is made from cyanide of mercury 
sealed up hermetically in a glass tube, the cyanogen distils back and condenses in 
the paracyanic residue of the distillation, but the pressure of the vapour at common 
temperatures is still as great, or very nearly so, as if the cyanogen were in a clean 
separate liquid state. 

A measured portion of liquid cyanogen was allowed to escape and expand into gas. 
In this way one volume of liquid at the temperature of 63^Fahr. gave 393*9 volumes 
of gas at the same temperature and the barometric pressure of 30*2 inches. If 100 
cubic inches of the gas be admitted to weigh 55*5 grains, then a cubic inch of the 
liquid would weigh 218*6 grains. This gives its specific gravity as 0*866. When 
first condensed I estimated it as nearly 0*9. 

Cyanogen is a substance which yielded on different occasions results of vaporous 
tension differing much from each other, though the substance appeared always to be 
pure. The following are numbers in which I place some confidence, the pressures 
being in atmospheres of 30 inches of mercury, and the marked results experimental*. 

Atmospheres. 

272 
3*00 

3*17 
3*28 
3*36 
3*50 
400 
4*50 
479 I 

Ammonia. — ^This body may be obtained as a solid, white, translucent, crystalline sub- 
stance, melting at the temperature of 103^ below 0^; at which point the solid sub- 
stance is heavier than the liquid. In that state the pressure of its vapour must be 
veiy small. 

* Liquid ammonia at 60^ was allowed to expand intQ ammoniacal gas at the same 
temperature ; one volume of the liquid gave 1009*8 volumes of the gas, the barometer 
being at the pressure of 30*2 inches. If 1 00 cubic inches of ammoniacal gas be allowed 
to weigh 18*28 grains, it will give 184*6 grains as the weight of a cubic inch of liquid 
ammonia at 60^. Hence its specific gravity at that temperature will be 0*73 1 . In 
the old experiments I found by another kind of process that its specific gravity was 
076 at 60^. 

* See Bunsbn's results, Biblioth^ue Universelle, 1839, xxiii. p. 185. 
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Fahb. 


Atmospheres. 


Fahs. 




. . 




1-26 


«38-5 


8-5 . . 




1-5 


W44-6 


wlO . . 




1-53 


«48 


15 . . 




172 


«50 


«20 . . 




1-89 


«52 


22-8 . . 




200 


54-3 


«27 . . 




2-20 


«63 


«32 . , 




2-37 


«70 


34-5 . . 




2-60 


«74 



Fahb. Atmospheres. 






77 ... 

«79 . . 


. 600 
. 516 


/03' 


83 ... 


, 5-50 


1 


88-3 . . , 


, 600 




W93-5 . . . 


, 6-50 


f < 


«95 ... 


, 6-64 




98-4 . . . 


. 7-00 




v-lOS . . , 


, 7*50 
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Tbe foUowing ^ a table of tbe pressure of ammoiua vapour, the iiuurked restfUs^ as 
before^ b^g those obtained by experiment : — 

AtBMBpiicrcs* 

. 700 . 

. r5o 

. 7-63 

. 8-00 

. 8*50 

. 9-00 

. 9-50 

. 10-00 

. 10-30 

^rseniurefted Hydrogen. — This body, liquefied by Dumas and Soubbiran, did not 
solidify at tbe lowest temperature to which I could submit it, i. e. not at 166° below 
0°Fahr. In the following table of the elasticity of its vapour the marked results are 
expei'imental, and tbe others interpolated : — 



Fahb. 


Atmospheres. 


Fahb. 


A txnospheres. 


Fahk. 




«6 . . 


. . 2-48 


«4'l . . 


. . 5-10 
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2-84 
3-32 
3-51 
4-30 
4-74 
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"10 
"20 
30 
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"40 
"50 
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Atmospheres. 

. 6-24 
. 7-39 
. 8-66 
. 8-95 

. 1005 
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Tbe following bodies would not freeze at the veiy low temperature of the carbonic 
acid bath m vacuo (—166^ Fahr.) : — Chlorine^ ether^ alcohol, sulphuret of carbon> 
eaontchonciney camphine or rectified oil of turpentine. The alcohol^ caoutchoueine> 
and camphine lost fluidity and thickened somewhat at —106^, and still more at the 
lower tempei*ature of — 166°. The alcohol then poured from side to side like an cnK 

Dry yellow fluid nitrous acid when cooled below 0° loses the greater part of its 
colour, and then fuses into a white, crystalline, brittle and but slightly translucent 
substance^ which fuses a little above O^Fahil The green and probably hydrated 
acid required a much lower temperature for its solidification, and then became a pale 
bluish solid. There were then evidently two bodies, the dry acid which firoaie out 
first, and then the hydrate, which requires at least —30® below 0° before it will 
solidify. 
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The Ibllowing ga^ses shovred no sign6 of liqaefaction when cooled by the cariMmie 
acid bUfa in vacuo, even at the jH-essures expressed : — 

Atmosplieres. 

Hydrogen at . , . . , 27 

Oxygen at 27 

Nitrogen at ...... 50 

Nitric oxide at 50 

Carbonic oxide at .... 40 

Coal gas 32 

The difference in the.facility of leakage was one reason of the difference in the press- 
ure applied. I found it impossible, from this cause, to raise the pressure of hydrogen 
higher than twenty-seven atmospheres by an apparatus that was quite tight enough 
to confine nitrogen up to double that pressure. 

M. Cagniard de la Tour has shown that at a certain temperature, a liquid, under 
sufficient pressure, becomes clear transparent vapour or gas, having the same bulk as 
the liquid. At this temperature, or one a little higher, it is not likely that any increase 
of pressure, except perhaps one exceedingly great, would convert the gas into a liquid* 
Now the temperature of 166° below 0^, low as it is, is probably above this point of 
temperature for hydrogen, and perhaps for nitrogen and oxygen^ and then no com- 
pression without the conjoint application of a degree of cold below that we have as 
yet obtained, can be expected to take from them their gaseous state. Further, a$ ether 
assumes this state before the pressure of its vapour has acquired thirty-eight -atmo* 
spheres, it is more than probable that gases which can resist the pressure of fiH>m 
twenty-seven to fifty atmospheres at a temperature of 166° below 0° could never ap- 
pear as liquids, or be made to k>s.e their gaseous state at cooiiraon temperatunes* 
They may probably be brought into the state of vei*y condensed gases, but not 
Uquefied. 

Some very interesting experiments on the compression of gases have been made 
by M. G. AiME*, in which oxygen, olefiant, nitric oxide, carbonic oxide, fluosilicon, 
hydrogen, and nitrogen gases were submitted to pressures, nsing up to 220 atmo- 
spheres in the tease of the two last ; but this was in the depths of the sea wbere the 
results under pressnre could not be examined. Several of thein were dimiinshed in 
bulk in a ratio far greater tihan the pressure put upon them ; but both M. CAtQNiARD 
DE LATouRtind M. Thilorier have shown that this is often the case whilst the sub- 
stance retains the gaseous form. It rs possible that olefiant gas and fluosiEcon may 
have liquefied down below, but they have not yet been seen in tiie liquid 'state except 
in my own experiments, and in them not at temperatures above 40° Fahr. The re- 
sults with oxygen are so unsteady and contradictory as to cause doubt in regard to 
those obtainred witb the other gases by the same process. 

Thus, though as yet I have not condensed oxygen, hydrogen, or nitrogen, the ori- 

* Annales de Cfaimie, 1848, yiii. 275. 
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ginal objects of my pursuit, I have added six substances, usually gaseous, to the list 
of those that could previously be shown in the liquid state, and have reduced seven, 
including ammonia, nitrous oxide, and sulphuretted hydrogen, into the solid form. 
And though the numbers expressing, tension of vapour cannot (because of the diflScul- 
ties respecting the use of thermometers and the apparatus generally) be considered as 
exact, I am in hopes they will assist in developing some general law governing the 
vaporization of all bodies, and also in illustmting the physical state of gaseous bodies 
as they are presented to us under ordinary temperature and pressure. 



Royal Institution^ 
Nov. 15, 1844. 
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Nitrous oxide. — Suspecting the presence on former occasions of nitrogen in the 
nitrous oxide, and mainly because of muriate in the nitrate of ammonia used, I pre- 
pared that salt in a pure state from nitric acid and carbonate of ammonia pre- 
viously proved, by nitrate of silver, to be free from muriatic acid. After the nitrous 
oxide prepared from this salt had remained for some days in well-closed bottles in 
contact with a little water, I condensed it in the manner already described, and 
when condensed I allowed half the fluid to escape in vapour, that as much as possible 
of the less condensable portion might be carried off. In this way as much gas as 
would fill the capacity of the vessels twenty or thirty times or more was allowed to 
escape. Afterwards the following series of pressures was obtained : — 
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These numbers may all be taken as the results of experiments. Where the tem- 
peratures are not those actually observed^ they are in almost all cases within a degree 
of it^ and proportionate to the effects really observed. The departure of the real ob- 
servations from the numbers given is very small. This table I consider as far more 
worthy of confidence than the former, and yet it is manifest that the curve is not 
consistent with the idea of a pure single substance, for the pressures at the lowest 
temperature are too high. I believe that there are still two bodies present, and that 
the more volatile, as before said, is condensable in the liquid of the less volatile ; but 
I think there is a far smaller proportion of the more volatile (nitrogen, or whatever 
it may be) than in the former case. 

Olefiant gas. — ^The defiant gas condensed in the former experiment was prepared 
in the oixlinary way, using excellent alcohol and sulphuric acid ; then washed by 
agitation with about half its bulk of water, and finally left for three days over a thick 
mixture of lime and water with occasional agitation. In this way all the sulphurous 
and carbonic acids were removed, and I believe all the ether, except such minute 
portions as could not interfere with my results. In respect of the ether, I have since 
found that the process is satisfactory ; for when I purposely added ether vapour to 
air, so as to increase its bulk by one-third, treatment like that above removed it, so as 
to leave the air of its original volume. There was yet a slight odour of ether left, but 
not so much as that conferred by adding one volume of the vapour of ether to 1200 
or 1500 volumes of air. I find that when air is expanded :}th or |^rd more by the 
addition of the vapour of ether, washing first of all with about -^^th of its volume of 
water, then again with about as much water, and lastly with its volume of water, 
removes the ether to such a degree, that though a little smell may remain, the air is 
of its original volume. 

As already stated, it is the presence of other and more volatile hydrocarbons than 
olefiant gas, which the tensions obtained seemed to indicate, both in the gas and the 
liquid resulting from its condensation. In a further search after these I discovered 
a property of olefiant gas which I am not aware is known (since I do not find it re- 
ferred to in books), namely its ready solubility in strong alcohol, ether, oil of turpen- 
tine, and such like bodies*. Alcohol will take up two volumes of this gas ; ether can 
absorb two volumes; oil of turpentine two volumes and a half; and olive oil one 
volume by agitation at common temperatures and pressure ; consequently, when a 
vessel of olefiant gas is tmnsferi'ed to a bath of any of these liquids and agitated, 
absorption quickly takes place. 

Examined in this way, I have found no specimen of olefiant gas that is entirely ab- 
sorbed ; a residue always remains, which, though I have not yet had time to examine 
it accurately, appears to be light carburetted hydrogen ; and I have no doubt that 
this is the substance which has mainly interfered in my former results. This sub- 

* Water, as Berzelius and others have pointed out, dissolves about ^th its volume of olefiant gas, but I 
• find that it also leaves an insoluble residue, which bums like light carburetted hydrogen. 
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Stance appears to be produced in every stage of the preparation of olefiant gas. On 
taking six different portions of gas at different equal intervals, from first to last, 
dunng one process of preparation, after removing the sulphurous and carbonic acid 
and the ether as before described, then the following was the proportion per cemt. 
of insoluble gas in the remainder when agitated with oil of turpentine, 10*5; 10; 
10*1; 13*1; 28-3; 61-8. Whether carbonic oxide was pi^esent in amy of these un- 
dissolved portions I cannot at presort say. 

In raference to the part dissolved, I wish as yet to guard myself from being su^ 
posed to assume that it is one uniform substance ; there is indeed little doubt that 
the contrary is true ; for whilst a volume of oil of turpentine introduced into twenty 
times its volume of olefiant gas cleared from ether and the acids, absoiiM 2^ volumes 
of tlie gas, the same volume of fi^esh oil of turpentine brought into simitar omtact 
with abundance of the gas which remains when one-half has been removed by sola- 
tion only dissolved 1*54 part, yet diere was an abundant surplus of gas which wooid 
dissolve in fresh oil of turpentine at this latter rate. When two-thirds of a portico of 
fresh olefiant gas were removed by solution, the most soluble portion of that which 
remained required its bulk of fresh oil of turpentine to dissolve it. Hence at first one 
volume of camphine dissolved 2*50, but when the richer portion of the gas was re- 
moved, one volume dissolved 1*54 pait; and when still more of the gas was taken 
away by solution, one volume of camphine dissolved only one volume of the gas. 
This can only be €u:counted fot* by the presence of various compounds in the soluble 
portion of the gas. 

A portion of good olefiant gas was prepared, well-agitated with its bulk of water 
in close vessels, left over lime and water for three days, and then condensed as be- 
fore. When much liquid was condensed, a considerable proportion was allowed to 
escape to sweep out the uncondensed atmosphere and the more condensable vapours ; 
and then the following pi^essures were observed : — 

AtmosphoffU. 
. 16-22 

. 1775 

. 19S8 
. 21-11 
. 22-94 
. 24-87 
. 26-90 

On examining the form of the cuiTe given by these pi-essores, it is very erident 
that, as on focmer occasions, tbe pressures at low temperatares are too great to aUow 
the condensed liquid to be considered as one uniform body, and the form of the carve 
at the higher pressures is quite enoiigh to prov« that no ether was present dther ia 
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titts or the former fluids* On permitting the liqmd in the tube to expand into gas^ 
aftd treating 100 parts of that gas with oil of turpentine^ eighty-nine parts were dis* 
solY^^and eleven parks remained insoluble. There can be no doubt that the presence 
of tbis latter* sabstance^ soluble as it is under pressure in the more coad^isable 
portions, is the cause of the irregularity of the curve^ and the too high pressure at 
the lower temperatui^es. 

The ethereal solution of olefiant gas being mixed with eight or nine times its 
¥ohinie of water, dissolved and gradually minute bubbles of gas appeal^, the sepa^ 
ration of which was hastened by a little heat. In this way about half the gas dis-* 
sobred was re^obtained, and burnt like very rich olefiant gas. One volume of the 
alcoholic solution, with two volumes'of water, gave very little appearance of separating 
gas^ Even the application of heat did not at first cause the separation, but gradu- 
ally about half the dissolved olefiant gas was liberated. 

The separation of the dissolved gas by water, heat, or change of pressure from its 
solutions, will evidently supply means of procuring olefiant gas in a greater state of 
purity than heretofore ; the power of forming these solutions will also very much 
assist in the correct analysis of mixtui^es of hydrocarbons. I find that light car- 
buretted hydrogen is hardly sensibly soluble in alcohol or ether, and in oil of turpen- 
tine the proportion dissolved is not probably -j^th the volume of the fluid employed ; 
but the further development of these points I must leave for the present. 

Carbonic acid. — This liquid maybe retained in glass tubes furnished with cemented 
caps, and closed by plugs or stop-cocks, as described, but it is important to re«^ 
member the softening action on the cement which, being continued, at last reduces 
its strength below the necessary point. A tube of this kind was arranged on the 10th 
of January and lefl; ; on the 15th of February it exploded, not by any fracture of the 
tube, for that remained unbroken, but simply by throwing off* the cap thi*ough a 
fisilure of the cement. Hence the cement joints should not be used for long experts 
ments, but only for those enduring for a few days. 

Oxygen. — Chlorate of potassa was melted and pulverized. Oxide of manganese was 
pulverized, heated i*ed-hot for half an hour, mixed whilst hot with the chlorate, and 
the mixture put into a long strong glass generating tube with a cap cemented on, 
and this tube then attached to another with a gauge for condensation. The heat of 
a spirit lamp carefully applied produced the evolution of oxygen without any appear- 
ance of water, and the tubes, both hot and cold, sustained the force generated. In 
this manner the pressure of oxygen within the apparatus was raised as high as 58*5 
atmospheres, whilst the temperature at the condensing place was reduced as low as 
— 140^ Fahr., but no condensation appeared. A little above this pressure the cement 
ei two of the caps began to leak, and I could carry the observation no further with 
tUs apparatus. 
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. From the former scanty and imperfect expressions of the elasticity of the vapour 
of the condensed gases^ Dove was led to put forth a suggestion*^ whether it might not 
ultimately appear that the same addition of heat (expressed in degrees of the tber* 
mometer) caused the same additional inci*ease of expansive force for all gases or 
vapours in contact with their liquids^ provided the observation began with the same 
pressure in all. Thus to obtain the difference between forty-four and fifty atmospheres 
of pressure, either with steam or nitrous oxide, nearly the same number of degrees of 
heat were required ; to obtain the difference between twenty and twenty-five atmo- 
spheres, either with steam or muriatic acid, the same number were required. Such a 
law would of course make the rate of increasing expansive force the same for all bodies, 
and the curve laid down for steam would apply to every other vapour. This, however, 
does not appear to be the case. That the force of the vapour increases in a geometrical 
ratio for equal increments of heat is true for all bodies, but the ratio is not the same 
for all. As far as observations upon the following substances, namely, water, sul- 
phurous acid, cyanogen, ammonia, arseniuretted hydrogen, sulphuretted hydrogen, 
muriatic acid, carbonic acid, olefiant gas, &c., justify any conclusion respecting a 
general law, it would appear that the more volatile a body is, the more rapidly does tbe 
force of its vapour increase by further addition of heat, commencing at a given point 
of pressure for all ; thus for an increase of pressure from two to six atmospheres, 
the following number of degrees require to be added for the different bodies named : 
water 69^, sulphurous acid 63^, cyanogen 64^*5, ammonia 60^ arseniuretted hydrogen 
54^, sulphuretted hydrogen 56^*5, muriatic acid 43^, carbonic acid 32^*5, nitrous oxide 
30^ ; and though some of these numbers are not in the exact order, and in other cases, 
as of olefiant gas and nitrous oxide, the curves sometimes even cross each other^ 
these circumstances are easily accounted for by the facts already stated of irregular 
composition and the inevitable errors of first results. There seems every reason 
therefore to expect that the increasing elasticity is directly as the volatility of the 
substance, and that by further and more correct observation of the forces, a general 
law may be deduced, by the aid of which, and only a single observation of the force 
of any vapour in contact with its fluid, its elasticity at any other temperature may be 
obtained. 

Whether the same law may be expected to continue when the bodies approach near 
to the Cagniard de la Tour state is doubtful. That state comes on sooner in reference 
to the pressure required, according as the liquid is lighter and more expansible by 
heat and its vapour heavier, hence indeed the great reason for its facile assumption by 
ether. But though with ether, alcohol and water, that substance which is most 
volatile takes up this state with the lowest pressure, it does not follow that it should 
always be so ; and in fact we know that ether takes up this state at a pressure be-^ 
tween thirty-seven and thirty-eight atmospheres, whereas muriatic acid, nitrons oxide, 
carbonic acid and olefiant gas, which are far more volatile, sustain a higher pressure 

* Pooobndobff's Annalen, xxlii. 290 ; or Thomson on Heat and Electricity, p. 9. 
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than this without assuming that peculiar state^ and whilst their vapours and liquids 
are still considerably different from each other. Now whether the curve which ex- 
presses the elastic force of the vapour of a given fluid for increasing temperatures 
continues undisturbed after that fluid has passed the Cagniard de la Tour point or 
not is not known^ and therefore it cannot well be anticipated whether the coming on 
of that state sooner or later with particular bodies will influence them in relation to 
the more general law referred to above. 

The law already suggested gives great encouragement to the continuance of those 
efforts which are directed to the condensation of oxygen^ hydrogen and nitrogen, by 
the attainment and application of lower temperatures than those yet applied. If to 
reduce carbonic acid from the pressure of two atmospheres to that of one, we require to 
abstract only about half the number of degrees that is necessary to produce the same 
effect with sulphurous acid, it is to be expected that a far less abstraction will suffice 
to produce the same effect with nitrogen or hydrogen, so that further diminution of 
temperature and improved apparatus for pressure, may very well be expected to give 
us these bodies in the liquid or solid state. 



Royal Institution f 
Feb. 19, 1845. 
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VII. Memoir on the Rotation of Cropsy and on the Quantity of Inorganic Mattel's 
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Contents. 

Introduction. 

Part L — On the quantity of produce obtained from the several plots of ground, each year throughout the period 

during which the experiments were continued. 
Part IL — On the chemical composition of certain crops cultivated in the Botanic Oarden, and on the amount 

of inorganic principles abstracted by them from the soil during the period the experiments were conducted. 
Fart III. — On the chemical composition of the soil in which the crops were grown, and on the proportion of 

its ingredients that was available for the purposes of vegetation. 

Introduction. 

In laying before this Society an account of certain experiments which I have under- 
taken with the view of elucidating the principles upon which the advantage of a ro- 
tation of crops in husbandry depends^ it may be proper that I should in the first 
instance state the circumstances under which they were commenced, as well as those 
which led me during the course of them to deviate in some respects from my original 
plan of proceeding. 

During the prosecution of a set of researches which embraced a period of more 
than ten years, it might naturally be expected, that the views at first entertained 
would become modified, and that arrangements deemed sufficient for carrying out 
the original plan should appear unsatisfactory, in proportion as glimpses of other 
truths, than those which enlightened us at the outset, began to open upon the field of 
our inquiry. 

Thus, when first I determined to apply a portion of the ground at my disposal to 
experiments having reference to the rotation of crops^ the scientific world was ge- 
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nerally impressed in favour of a theory which the celebrated De Candollb had so 
ingeniously and eloquently maintained ; namely, that a soil became unfitted for sup- 
porting a second crop of any given plants in consequence of the deleterious influence 
exerted upon it by juices excreted from the former one. 

My original object therefore was, — first, to detect, if possible, the chemical nature 
of these supposed excretions ; and secondly, to demonstrate their poisonous influence, 
by taking account of the expected diminution in the amount of the crop exposed to 
them, beyond that of another in which all the circumstances were the same, except- 
ing the presence of the excretions in question. 

To accomplish these two objects, it seemed sufficient to set apart a number of plots 
of ground uniform as to the quality and richness of its soil, planting one-half of the 
number year after year with the same species of crop until the land no longer pro- 
duced it, and the other moiety with crops of the same description, succeeding one 
another in such a manner, that no one plot should receive the same twice during 
the period of the continuance of these experiments, or at least within a short interval 
of one another. 

By weighing the produce of each plot, reduced to the same uniform condition of 
dryness, when it had arrived at maturity, I hoped to obtain data for computing, how 
much of the expected diminution might be referred to the exhaustion of the ground, 
and how much to the effect of excretions which the preceding crop had given out. 

The influence of seasons indeed is in all these cases one of the most important 
elements in the calculation, yet by taking the average of a number of years, it was 
hoped that this source of error might be eliminated, and that whilst the mean of the 
crop obtained during the latter half of the period, as compared with that of the former 
half, might suggest the rate of exhaustion brought about by the annual demand made 
upon the resources of the soil, the difference between the permanent and the shifting 
crop in each instance might tend to show, in what degree the excretory function of 
each plant contributed to the result. 

Assuming, therefore, on the faith of the then existing authorities, that soil would 
soon become deficient in the food which was required for the plants grown in it, 
and moreover that, even if not exhausted, it would become unsuitable to their 
growth, by being contaminated with the excretions from preceding crops, I conceived 
it unnecessary either to undertake an analysis of the soil itself at the commencement 
of my labours, or to inquire into the chemical constitution of the crops which I bad 
obtained in the course of them. 

Supposing, as was then too hastily assumed, that the composition of each vegetfible 
was uniform, and had been already determined with sufficient precision, it should 
follow, that the amount of produce ought in itself to be an index of the quantity of 
inorganic matter abstracted from the soil, and that the number of crops obtained 
before the soil became effete would indicate the relative richness of the latter in 
those ingredients which were essential to the growth of the plant in question. 
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As I proceeded however in my experiments^ I began to find^ that both the postu- 
lates on which I had built were unsound, for neither was I able to detect any foreign 
organic matter in the soil, referable to the excretions of the crop which had grown 
in it*, nor did I find that uniform difference between the shifting and the peiinanent 
crop, to the disadvantage of the latter, which I should have expected upon the prin* 
ciples of Db Candollb*8 theory. 

Moreover, the researches of Braconnot, which have since been made known to the 
world, tended still further to throw doubt upon the truth of the facts on which the 
doctrine of excretion reposed, and when no longer swayed by the authority of the 
distinguished author of the theory in question, I perceived more clearly the difficulty 
of reconciling it with many facts or opinions that seemed current amongst agricul- 
turists — such, for instance, as the growth of repeated crops of the most exhausting 
plants in certain rich alluvial, or newly settled countries ; the continuance of a plant 
in a state of nature for ages in the same locality ; and lastly, the views of Liebig, 
which went to prove, that the food of plants, so far as their organic constituents are 
concerned) is derived in all instances from the elements of air and of water. 

No sooner, therefore, had I become suspicious as to the truth of the opinion which 
I bad previously entertained as to the excretions from the roots of plants being 
capable of explaining the falling off of a crop after repetition, than I felt desirous of 
shaping my inquiries in such a manner as to ascertain, if possible, which of the other 
two conceivable explanations might deserve a preference ; whether, for instance, the 
falling off of the crop was attributable to a failure in the soil of organic matters fitted 
for its nutrition, or of those inorganic materials which it equally required. 

* The soils that seemed to me most likely to afford indications of the presence of root excretions were those 
which had reared crops of poppies and of tobacco for several years in succession, the former plant containing, 
in morphia and meconic acid, products readily recognizable by chemical tests, and the latter one sufficiently so 
in nicotine. 

I accordingly digested sifted portions of the soils, amounting in each instance to 5 lbs., in water for several 
hours. 

llie water drained off was evaporated, and then filtered. 

The clear solution was first treated with sugar of lead, and the precipitate which fell was collected, and then 
dissolved in water acidulated with sulphuric acid. Had any meconic acid existed in combination with the lead, 
it would have been thus separated, the metal being precipitated along with the sulphuric acid with which it 
forms an insoluble salt. 

None of the tests, however, usually eiAployed for detecting meconic acid produced any effect, — chloride of 
iron dissolved in alcohol causing no red colour, and ammonio-sulphate of copper not being rendered green. 

The liquor remaining after the introduction of the sugar of lead might have contained morphia held in 
solution by acetic acid. To detect it, the lead was in the first place thrown down by sulphuretted hydrogen, 
after removing which, the remaining solution, after being concentrated, was treated with ammonia, which pro- 
duced a flocculent precipitate. 

This, however, proved destitute of morphia, for neither was there any Uue colour as produced by chloride of 
iron, nor any redness by nitric acid. 

My attempts to detect nicotine in the soil in which tobacco had been grown proved equally inefiectual. 

2 b2 



182 DR. DAUBENY ON THE ROTATION OP CROPS, ETC. 

To determine this, it seemed necessary to appreciate, if possible, first, what mate- 
rials the soil might have contained, both before the experiments commenced, and 
after their termination ; and secondly, what might be the constitution of the plants 
themselves both in the permanent and the shifting crop, as compared with the normal 
condition of the same. 

But as the experiments which I had instituted extended to no less than sixteen 
different species, my object being to select at least one out of each natural family, 
which contained amongst the plants included under it any of those usually cultivated 
for farm or garden purposes in this country, it seemed necessary to limit that part of 
the inquiry which involved the necessity of ash analysis to a portion only of the 
series, and accordingly, in the autumn of 1844, 1 selected from the crops grown in 
th^t year the following as the subjects of chemical examination, namely. Barley, 
Potatoes, Turnips, Flax, Hemp, and Beans. 

Of each of these six plants, the shifting and permanent crops, after having been 
weighed in the usual manner, in order to estimate their relative amount, were reduced 
to ashes, so that the proportion of inorganic to organic matter might in the first 
instance be determined. 

In consequence of the largeness of the bulk, iron vessels were necessarily employed 
for burning away the volatilizable parts, and hence a portion of peroxide of iron was 
always introduced into the ashes, which, being indefinite in quantity, rendered it 
necessary for me, in the subsequent analyses, to regard the whole of that ingredient 
as extraneous, and to reject it from the calculation. The same coui-se was also pur- 
sued with respect to a certain variable amount of sand and charcoal always present 
in the ash, the former derived evidently from the soil, the latter from the carbo- 
naceous matter of the vegetable, which could not be entirely removed by the 
combustion. 

Of each of these six plants it appeared necessary to analyse at "least three speci- 
mens — the first taken from the permanent crop, the second from the shifting one, 
the third from a piece of ground, not belonging to the spot at which the experiments 
were carried on, and under ordinary treatment, but corresponding as nearly as pos- 
sible in natural character to the soil of the experimental garden. 

Thus this part alone of the inquiry involved at least eighteen distinct analyses, an 
amount of labour, which, as I soon found, my other occupations precluded me from 
undertaking, and which I was glad to delegate to other hands. 

I therefore esteemed myself fortunate in being able to secure the services of 
Mr. Thomas Way, a gentleman, who had for the last two years ofliciated as Assistant 
to Professor Graham of University College, London, and who was recommended to 
me by that distinguished chemist as well-qualified for the task. 

On him, therefore, the merit, as well as the responsibility, of this part of the inquiry 
must mainly devolve ; all that I can lay claim to in this part of the subject as my 
own, is the having considered, in conjunction with him, the method of analysis which 
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be ultimately adopted, and. having made such preliminaiy trials on one of the crops 
which he afterwards analysed, as tended to satisfy me, that on those points in which 
the plan differs from that proposed by Dr. Will, our method deserves the preference, 
on the scoi-e of convenience, if not with respect to accuracy. 

In a case of this kind, experience alone can determine the degree of confidence 
which is due to the results obtained, but I ought not to withhold my own individual 
testimony to their fidelity, from having witnessed the manner in which they were 
conducted by Mr. Way, his perfect familiarity with the processes which he pursued, 
and the scrupulous care taken by him in repeating every step in the investigation, 
which presented anomalous results, or appeared from any cause open to suspicion. 

But to complete my design, an analysis of the soil, as well as of the crops which 
grew in it, was requisite, and to this subject therefore my attention was next 
directed. 

Now, when we consider the nature of a soil in an agricultural point of view, or 
in reference to its suitableness for the growth of various kinds of vegetables, two 
questions naturally come before us ; namely, what amount of ingredients capable of 
being assimilated in the course of time by the crops does it contain ; and secondly, 
what is the amount of those which are present, in a condition actually available for 
their purposes, at the precise moment when the examination is undertaken. 

Both the above points are obviously quite distinct from that of the total amount 
of ingredients, actually existing in the soil, and hence some might be disposed to 
add to the labour of the two preceding investigations, that of ascertaining the whole 
of its constituents, whether in a state to be affected by the ordinary agents of decom- 
position, or not. 

The latter question, however, seems to me to possess, with reference to the agri- 
culturist, only a speculative interest, and when introduced into a Report intended for 
his use, may be more liable to mislead than to instruct, unless due caution be taken 
to point out to him, how much of each ingredient is to be regarded as inert, and how 
much of it as applicable to the future or present uses of the plant. 

Let us take the case of a natural soil, composed of certain kinds of disintegrated 
lava, or even of granite, in which it is evident, that an actual analysis, conducted by 
means of fusion with barytes, or lead, or by those other processes which chemists 
employ for decomposing compounds of a refractory nature, would detect the presence 
of a large per-centage of alkali, not improbably of a certain amount of phosphate of 
lime, and in short would indicate an exuberant supply of all those ingredients which 
plants require for their support. Nevertheless a soil of this description, in conse- 
quence of the close union of the elementary matters of which it consists, and of the 
compactness of its mechanical texture, might be as barren, and as incapable of im- 
parting food to plants, as an artificial soil composed of pounded glass is known to 
be, notwithstanding the large proportion of alkali which it contains. 
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Thus I have myself observed*, that the soil which covers the serpentine rock of 
Cornwall, a mineral consisting of — 

Silica 43-07 

Magnesia 40*37 

Alumina 0*25 

Lime 0-50 

Oxide of iron 1'17 

Water 12-45 — Hisingbr, 

contains so minute a proportion of magnesia, that in an analysis of a small sample 
I altogether overlooked its presence, in so great a degree does the mechanical texture 
of the rock, and the state of combination subsisting between its ingredients, preserve 
it from the decomposing action of the elements which tend to set loose its treasures. 

Now it seems obvious, that whatever cannot be extracted from a soil by digestion 
in muriatic acid during four or five successive hours, must be in such a state of com- 
bination as will render it wholly incapable of imparting anything to a plant, for such 
a period of time at least as can enter into the calculations of the agriculturist ; and 
moreover, that all which munatic acid extracts, but which water impi-egnated with 
carbonic acid fails in dissolving, ought to be regarded as at present contributing 
nothing, although it may ultimately become available to its purposes. 

I have therefore thought proper to distinguish between the actually available re- 
sources of the soil, and those ultimately applicable to the uses of the plant, designating 
the former as its dormant, and the latter as its active ingredients. 

The portion dissolvecjl after digestion in muriatic acid will contain both the dor- 
mant and the active ; that taken up by water impregnated with carbonic acid will 
consist merely of the latter ; the difference in amount between the two will therefore 
indicate the dormant portion of its contents. 

The dormant and active portions may both be comprehended under the designation 
of its available constituents, whilst those which, from their state of combination in 
the mass, can never be expected to contribute to the growth of plants, may be 
denominated the passive ones. 

Every soil, which is capable of yielding an abundant crop of any kind of plant after 
fallowing, must be assumed to possess in itself an adequate supply of all the ingre- 
dients necessary for its support in an avmlable condition, but it is plain that these 
could not have existed in an active one, or such an interval of rest would not have 
been required for rendering them efficient. 

Accordingly it is quite possible, that after ten years cropping, the soil of the expe- 
rimental garden might still retain plenty of alkaline salts and phosphates, although 
what was ready to be applied to the uses of the plant had for the most part been 
absorbed by the crops previously obtained. 

* Lecture on the Application of Science to Agriculture, from the Journal of the Royal Agricultural Society 
of England, vol. iii. part 1 . 
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With a view then to this part of the inquiry, I proposed to estimate, first, the amount 
of ingredients severally present in the soil which might sooner or later become available 
for the purposes of vegetation ; and secondly, that of those principles which were in 
a state to be applied immediately to those uses. It would also have been instructive, 
to determine, by a comparative analysis of the soil, in the state in which it was before, 
and after the experiments had been instituted, the loss which had been occasioned 
by the crops in both these particulars ; but as, from the reasons assigned, I had neg- 
lected to examine the identical soil of the experimental garden before the researches 
commenced, I was obliged to content myself with obtaining an approximation to its 
probable constitution, by selecting for examination that taken from a portion of the 
garden, which was immediately contiguous, but which had recently been manured, 
and had borne good crops. 

Here also I was assisted by Mr. Way, who undertook the more laborious part of 
the inquiry, namely, that of determining the entire amount of the available consti- 
tuents present in certain of the soils, leaving to me the task of ascertaining merely 
the nature of those which could be extracted by water. 

The investigation therefore divides itself naturally into three heads ; the first re- 
specting the actual amount of the permanent and shifting crops each year obtained ; 
the second, the chemical constitution of the ashes resulting from those which had 
been burnt for the purpose of examination ; and the third, the nature of the actual 
as well as of the available ingredients of the soil in which the crops had been reared. 



PART I. 

On the quantity of produce obtained from the several plots of ground^ each year 
throughout the period during which the experiments were continued. 

The following plants were made the subjects of experiment : — 



Spurge . 

Potatoes 

Barley . 

Turnips 

Hemp . 

Flax . . 

Beans . 

Tobacco 

Poppies 

Buckwheat 

Clover 

Oats. 

Beet . 

Mint 

Endive 

Parsley 



Euphorbia lathyris 
Solanum tuberosum 
Hordeum sativum 
Brassica rapa . . 
Cannabis sativa . 
Linum usitatissimum 
yiciafaba .... 
Nicotiana Tabacum . 
Papaver somniferum 
Polygonum fagopyrum 
Trifolium pratense 
Avena sativa . . 
Beta vulgaris . . 
Mentha viridis 
Cichorium endivia 
Apium petroselinum 



from 1835 to 1838 
from 1834 to 1844 
from 1835 to 1844 
from 1834 to 1844 
from 1835 to 1844 
from 1835 to 1844 
from 1835 to 1844 
from 1834 to 1844 
from 1834 to 1844 
from 1835 to 1844 
from 1834 to 1844 
from 1839 to 1844 
from 1839 to 1844 
from 1835 to 1844 
from 1835 to 1844 
from 1835 to 1844 
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As the experiments were carried on from 1834 to 1844 inclusive, it may be satis- 
factory to state in the first instance such of the meteorological characters of these 
years as may be gathered from the Register kept at the Radcliffe Observatory, rela 
tive to the mean temperature, or from my own observations made at the Botanic 
Garden, Oxford, as to the amount of rain. 









Variation + or 


Mean 


Variation + or 


Year. 


Inches of 


Where 


— (ahove or he- 


— (above or he- 


Rain. 


obaeryed. 


low) the mean 


temperatore 
of tpe year. 


low) the mean 








of the period. 


of the period. 


1834. 


21-899 


Obs. 


— 2-845 


52-8 


-h 2-282 


1835. 


26-182 


Obs. 


+ 1-438 


61-5 


+0-982 


1836. 


24-339 


Obs. 


— 0-365 


49-9 


-0-618 


1837. 


21-900 


B.G. 


- 2-844 


50-0 


-0-518 


1838. 


20-080 


B.G. 


- 4-664 


49-9 


-0-618 


1839. 


32-720 


B.G. 


+ 7-976 


61-2 


-0-318 


1840. 


18-530 


B.G. 


- 6-214 


49-9 


-0-618 


1841. 


35-275 


B.G. 


-1-10-531 


49-8 


-0-718 


1842. 


23-490 


B.G. 


- 1-264 


60-8 


+ 0-282 


1843. 


25-150 


B.G. 


+ 0-406 


60-3 


-0-218 


1844. 


22-621 


B.G. 


— 2-123 


49-6 


-0-918 


Total in 


1 










eleven 


> 272- 186 


• • • • 


. • • . 


666-7 




years. 


J 










Average 


1 










of eleven 


> 24-744 


• • • V 


• • « . 


50-618 




years. 


J 











The plots of ground set apart for the experiments were not exactly equal in point 
of size, but their square contents being known, it was easy to reduce the crops 
to one standard, and that of 100 square feet was selected as the most convenient. 

In reporting to the Society the results, I shall therefore always suppose that re- 
duction as being made, and shall set down what ought to have been the produce, 
supposing each plot to have measured exactly 100 square feet. In this statement I 
will begin with the only case in the whole series to which De Candolle^s theory of 
excretions appears at all applicable ; namely, that in which the plant experimented 
on was a species of Spurge, the Euphorbia lathyris. 

In 1835 a luxuriant crop of this weed was obtained, amounting to about 18 lbs., 
but the next year the produce had dwindled almost to nothing, and in 1837, in which 
fresh plants were introduced, an equal failure took place. 

Nor did any new plants start up in 1838, so that in 1839 the plot was sown with 
flax, barley, and beans, of all of which I obtained a tolerable yield. 

This experiment therefore might be appealed to in support of Db Candolle's 
views, as it would appear, that excretions had been emitted from the roots of the 
Euphorbia, which proved idjurious to plants of the same species as those from which 
they had proceeded, but which exerted no such poisonous influence upon others not 
allied to them in organization; or, if it be objected, that during the coarse of 1838 
the excretions might have become so far decomposed as to lose theur poisonous cha- 
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racter^ still the failure of the second and third crops of Euphorbia would seem attri- 
butable to some deleterious influence exerted by the excretions of the antecedent 
crop^ rather than to the ground having become exhausted, inasmuch as the latter, 
without being in the meanwhile enriched with manure, proved its ability to produce 
tolerable crops of other vegetables. 

The acrid nature of the juices of the Euphorbia may possibly explain, why this plant 
should constitute an apparent exception to the rest, for it will be seen, that in all the 
other cases, the diminution in the amount of produce, consequent upon the continua- 
tion of the crop from year to year, was only such as might be supposed to result from 
a falling off in some one of those ingredients which were necessary for its develop- 
ment, and was not of a nature to indicate the existence of anything poisonous in the 
soil in which it grew*. 

I shall therefore now proceed to state the amount of produce obtained during the 
several years from each of the remaining plants above enumerated, distinguishing the 
crop which was repeated year after year in the same plot of ground as the permanent 
one, and that which was grown successively in different parts of the garden as the 
shifting one. 

1. Solanum tuberosum. — Ground not manured since 1833. 



Teur. 


Permanent crop. Weighed without haying been dried, 
but merely cleaned firom dirt. 


Shifting crop. 


1836. 


Plot No. 1. — ^After a crop of Turnips. 
Tubers ... 89-50 


After a crop of Papaver somntferum. 
Tubers . . 84*00 


1837. 


Tubers • . . 59*5 


After a crop of Cannabis sativa. 
Tubers . . 108-0 


1838. 


Tubers . . . 68*0 


After a crop of Cannabis sativa. 
Tubers . . 68-5 


1839. 


Tubers . . . 59-0 


After a crop o( Polygonum fagopyrum. 
Tubers . . 132-0 



1840. In this year it occurred to me, that it might be interesting to determine what 
difference^ as to the amount of produce, would be produced by planting in one in- 
stance tubers from the crop obtained the year before in the same piot^ and by employ- 
ing in another those raised in some different locality. 

The difference in quantity will be seen not to be very considerable. 

* It can hanUy, I think, be denied, that juices are excreted from the roots, as weU as taken up by them ; 
the only question is, are these excretions injurious to the plants of the same species which grew in the soil 
afterwards, and if they are, are they favourable to the growth of others ? The first of these positions may be 
ooontenanced by the facts detailed in the text, but the latter is little, if at all, corroborated by them. 
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Year. 



Permanent crop. No. 1. — ^Tubers 
firom the same plot planted. 



Permanent crop. No. S.-^Tubers 
firom a different locality planted. 



Shifting crop. 



ri«afc 



1840. 



1841. 



1842. 



1843. 



1844. 



Tubers 



88^ 



Tubers . . 64 



Tubers . . 82-5 



Tubers . . 48-6 



Tubers . . 61-0 

Average of nine years. 

Tubers . . 68*9 
Average of the first five years. 

Tubers . . 72*9 



After Euphorbia lathyris, 
which had failed. 

Tubers . . 90 



Tubers . 



87i 



Tubers . . 94-0 



Tubers . . 38-6 



Tubers 



^7i 



Average of five years. 
Tubers . . 7477 



After Linum mitatissimum. 

Tubers • . 72 
After Linum uHiatisiinmm, 



Tubers 



8H 



After Vicia Faba. 

Tubers . . 110 



Alter Vicia sativa. 

Tubers . . 48-4 

After Hordeum sativum. 
Tubers . . 98*0 

Avarage of nine years. 

Tubers . . 89-1 
Average of the first five years. 

Tubers . . 92-8 



The following diagram may convey a clearer idea of the differences in the amount 
of the crops^ and the relation between the permanent and shifting one. 

Potatoes. 



140 
130 
120 

no 

100 

90 
Permanent ' - 
Shifting...- 

80 

70 
60 
50 
40 






Mbs. 
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It is worth remarking, that the average of the dhifting crops of potatoes corre- 
sponded very nearly to the amount obtained in the year 1844, from a bed of similar 
size, in a portion of the garden contiguous to that on which my experiments had been 
carried on, and which had been recently manured, the produce in this instance being 
96'Olbs., whilst the average of nine years in the other case was 89*1 lbs., and 
moreover that the produce of the last year, in which the crop succeeded one of barley, 
was not less than 98 lbs., thus apparently showing, that after so long a period of 
cropping, there was still a sufficient supply in the soil of those ingredients which were 
requisite for the due development of the plant. 

An examination of samples of potatoes from the crop of 1844 proved, that the 
shifting crop contained more starch, and more of the woody fibre and other organic 
matters which belong to this vegetable, than either of the permanent ones ; and that 
of the latter, the one grown in soil which had borne potatoes only five years, ap- 
proached in these respects more nearly to the shifting, than that taken from the soil 
which had been cropped during ten years. The proportion of water in the two 
cases was not very different, but with respect to the inorganic matters, it was found 
that the remark held good. 

Here the shifting crop yielded in a given amount of tubers the least, and the per- 
manent crop the largest quantity of ash, as if the deficiency of organic matter had 
been made up by an increased quantity of that which was derived from inorganic 
sources. The nature of this latter portion will be stated when I proceed to detail 
the analyses performed by Mr. Way. 

On examining a specimen of a good mealy description of potatoe taken from a 
garden in the neighbourhood of Oxford, the soil of which was similar to that of the 
experimental garden, I found the proportion of starch much the same as in the shift- 
ing crop, but the quantity of water greater. 

The following is a tabular view of the results : — 



Good mealy kind of potatoe from a garden near Oxford • 

Shifting crop in experimental garden 

Permanent crop of five years' standing 

Permanent crop of nine years' standing 



Starch. 



Fi|>roas 
matter. 



Other solid 
matters. 



Water. 



per cent 
13-00 

13-67 

10-54 

9-11 



5-90 

9-76 

11-32 

9-76 



5-6 

5-7 

4-5 

8-8 



75-5 

71-9 
73-7 

72-4 



2. Hordeum sativum. 

The next crop 1 shall notice is Barley, in which it will be perceived that, allowing 
for differences of seasons, the produce obtained during ten successive years was tole- 
rably uniform, there being however a considerable balance in favour of the shifting 
over the permanent crop. 
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The following are the results : — 






Tear. 


Permmeiit crop. Produce in a dried state. 


ShiftiDg crop. Produce in a dried itate. 




No. 4. 


• 


Ailer lAnam usitatissimum. 


1835. 


29-0 




35-5 


1836. 


290 




After Apium petroselinum. 
51-0 








After Linum uiitatissimum. 


1837. 


21-5 




30-0 
After Cichorium endwia. 


1838. 


42-5 




75-0 


1839. 


28-0 




After Brasrica Rapa. 
41-0 


1840. 


28-75 




After Bra»9%ca Rapa. 
54*5 

After Vicia Faba. 


1841. 


280 




27'4 
After Solanum tuberosum. 


1842. 


27-5 




34-2 


1843. 


26-5 




After Papaver sommferum. 
42-5 

Ailer Cannabis sativa. 


1844. 


28-7 




80-0 




Average often years . • • 
Average of first five years • 
Average of last five years . 
Maximum in one year . . 
Minimum in one year • . 


28-9 
30-0 

27-8 
42-5 
21-5 


Average of ten years • . . 42*1 
Average of first five years . 46*5 
Average of last five years . 37'7 
Maximum in one year . . 75*0 
Minimum in one year . . 30*0 
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The following Table will show the curve of their growth :-t- 
Bablbt. 
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The quantity of barley produced in a contiguous piece of ground recently maaui'ed, 
was 39'4 lbs., being more than the average of the shifting crops, bnt about equal to the 
produce obtained the first year from the permanent one. 

3. Brasaica Rapa. 

Next in the series are Turnips, in which the difference between the average of the ' 
shifting and permanent crop is very remarkable, namely as 176 to 100. 

Nevertheless it will be seen, that even the latter did not sink below a ceitain 
amount when the seasons were tolerably fevonrable. 
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The following are the 1*680118 :- 



Yetr. 



Permanent crop. Prodace in a green itate. 



* — 



Shifting crop. 



1834. 
1835. 

1836. 

1837. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 



No. 2. 
1250 

185-0 



133-0 



37-2 



56-0 



110-0 



128-0 



98-0 



lllK) 



73-5 



77-0 



Average of ten years . . 
Average of first five years 
Average of last five years . 
Maximum in one year • • 
Minimum in one year . . 



100-8 
104-0 

97-5 
185-0 

37*2 



192-0 

After Linum tuitatUsimum. 
144-0 

After Vicia Eaba. 
154-0 

After Linum uaiiaiisrimum. 
150-0 

After Cichorium endkna. 
226-0 

After Nicotiana rusiica. 
217-0 

After Papaver som$dferum. 
245-0 

After Avena sativa. 
179-0 

Aiter Solanum tuberosum. 
UOO 

Aflier Helianthus annuus. 
148-0 



Average of ten years . 
Average of first five years 
Average of last five years 
Maximum in one year • 
Minimum in one year . 



176-5 
173-0 
176-5 
245-0 
110-0 
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The following diagram will show the variations in their yearly produce :• 
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In the contiguous bed recently manured the produce was 152 lbs., a quantity about 
intermediate between the average of the shifting and permanent crops. 

4. Cannabis sativa. 

The next crop I shall notice, Hemp, presents a very uniform rate of produce during 
the whole period, nevertheless the shifting crop, which however was not grown during 
the years 1840 and 1841, presents a much larger produce than the permanent one, 
as will be seen by the following Table. 
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Yetr. 


Penoaneiit crop. Dried in the 


ran. 


Shifting crop. Dried in the ran. 


1836. 


No. 17. 
46-5 




After TrtfoHum pratense. 
52-5 


1837. 


27*75 




After Brassica lUqui. 
22-5 


1838. 


34-0 




After Brassica Rapa. 
32-5 






• 


After Hordeum sativum. 


1839. 


34-0 




42-5 


1840. 


20-5 




None. 


1841. 


33-3 




None. 


1842. 


23-7 




After Beta vulgaris. 
53-0 


1843. 


30-0 




AAer Polygonum fagqpyrum. 
39-5 


1844. 


21-5 




After Brassica Rapa. 
37-6 




Average of nine years . • 
Average of first five years 
Average of last four years 
Maximum in one year 
Minimum in one year . . 


30-13 
32-55 
27-12 
46-50 
20-50 


Average of four years . • 30*0 
Maximum in one year • . 52*5 
Minimum in one year • • 22*5 
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Ttie following diagram will show the variations in the yeiirly produce :- 
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In the contiguous bed recently manured the crop weighed 45'4 lbs., somewhat 
more than the average of the shifting, and considerably exceeding that of the perma- 
nent beds. 

5. Linum usiiatissimum. 

Flax presents a gradual, though not an uniform, rate of deterioration, the shifting 
crop always standing in advance of the permanent one. 

In this instance I tried the same experiment as in the case of the potatoes, namely, 
that of sowing one bed with seed from the last year's crop, and the second with seed 
obtained from some other source. The latter produced much the most abundant 
crop, but I am now inclined to attribute its superiority chiefly to its succeeding a 
crop of Valerian, a plant which probably draws little from the soil, and which conse- 
quently having grown in it for five successive years, had given time to the materials 
of the earth to undergo decomposition, so that an accumulation of nutritious prin- 
ciples may have taken place in it, nearly as would have been the case if it had been 
left entirely &llow. 
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The following are the results obtained :• 



Year. 



Permaneiit crop of ten years' standiDg. Permanent crop of five years, fresh seed. 
Crop dried. Crop dried. 



Shifting crop. Crop dried. 



1835. 
1836. 

1837. 
1838. 
1839. 
1840, 
1841. 
1842. 
1843. 
1844. 



No. 19. 
12-9 

16-7 



12-0 



20-0 



13-75 



16-5 



9-0 



8-4 



11-7 



5-2 



Nos. 13 and 14. 

After Valeriana Phu. 

43-5 



41-0 



340 



31-0 



11-5 



Average often years. . . 12*6 
Average of first five years 1 5'0 
Average of last five years 10*4 
Maximum in one year. . 20*0 
Minimum in one year . . 5*0 



Average of five years ... 32*5 



Maximum in one year. • 43*5 



15-8 

After Polygonum fagopyrum. 

170 

After Solanum tuberosum. 
19-8 

Ailer Solanum tuberosum. 
25-5 

After Valeriana Phu. 
21-75 

After Polygonumfagopyrum. 
21-5 

After Vtcia saliva. 
25-0 

After Brassica Rapa. 
340 

After Vicia Faba. 
29-6 

After Solanum tuberosum. 
17-8 

Average of ten years . . . 22*7 
Average of first five years 19*9 
Average of last five years 25-5 
Maximum in one year. . 34*0 



Minimum in one year . . 11*5 Minimum in one year » . 15-8 



The following diagram will show the curve of their growth :• 
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The contiguous manured crop weighed 22*2, rather less than the average of the 
shifting crops. 

6. ricia Faha. 

Beans showed a considerable falling off in the case of the permanent crop, but not 
in the shifting, the following being the results obtained : — 



1 Yetr. 


Permanent crop. Produce in a dried state. 


Shifting crop. Produce in a dried state. 




No. 23. 






1835. 


38-0 




27.7 

After Linum usitatissimum. 


1836. 


40-0 




39-0 


1837. 


23-5 




After Euphorbia lathyris. 
31-2 

After Nicotiana mstica. 


1838. 


28-4 




28-5 
After Nicotiana rustica. 


1839. 


34-0 




48-0 
After Papaver somniferum. 


1840. 


16-5 




26-5 


1841. 


24-5 




Aft«r Polygonum fagopyrum. 
56-0 

After Papaver somniferum. 


1842. 


15-8 




28-0 
After Avena saiiva. 


1843. 


17'1 




28-0 
After Nicotiana rustica. 


1844. 


9-2 




24-0 


- 


Average of ten years . . . 
Average of first five years . 
Average of last five years . 
Maximum in one year . . 


24-7 
32-8 
16-6 
40-0 


Average of ten years . . 33*6 
Average of first five years . 34*8 
Average of last five years . 32*5 
Maximum in one year • . 56*0 




Minimum in one year . . 


9-2 


Minimum in one year . . 24*0 



2d2 
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The following represents the curve of their growth :- 

Beans. 



40 
Permanent - 




ao >lbi. 



In the contiguous manured bed the crop was only 27*1 lbs., not greatly exceeding 
the average of the permanent, and falling considerably short of that of the shifting 
crops. 

7. Nicotiana mstica. 

Tobacco is one of the plants which most strikingly illustrates the dependence of the 
crop upon manuring; the first year the produce being 178 lbs., whilst it sunk in six 
years* time to 17 lbs. The whole of this diminution, however^ must not be set down 
to the deficiency of inorganic matter, since in subsequent yeai*s the produce became 
greater, although it never recovered its former rate. 

In this instance the permanent presents a higher average than the shifting crop, 
but this seems attributable to the circumstance that in the latter instance the soil had 
been previously drawn upon by a crop of beans, whilst in the former it had been 
recently manured. 

The following are the results : — 



Tew. 


PennAnent crop. Produce nearly dry. 


Shifting crop. Produce nearly dry. 1 


1834. 


No. 9a. 
172-0 

• 


None. 




1835. 


83-0 


None. 




1836. 


33-0 


After Aphtm petroielinmn. 
42-0 




1837. 


29-0 


After Fapaner nomn^trum. 
25*0 




1838. 


29*0 


After JBigiAor&ta laikjfrii. 
38*0 


« 



J.r«,»u.MDCCCXLV. j^uif ^^. 



^,,,. 





DR. DAUB8NT ON TBS ROTATION O? CROPS, ETC. 
Nicottana rustica (ContiDued). 



199 



Ymi. 


Pwnument crop. Produce nawly dry. 


ShiftiiiEcrap. Prodnoe muIt dry. 




No. 9a. 






1839. 


17-25 




22-5 

After Cickorium rndma. 


1840. 


27-0 




25-0 


1841. 


30-0 




hSixse J^im petronUium. 
24-0 

After Helimthu mamu. 


1843. 


22-5 




30-0 
After BratHca Rapa. 


1848. 


37-8 




49-0 




Average of ten years . . 
Average of first five years 
Average of last five years 
Maxinjum in one year . 


48-0 
69-2 
26-9 
172-0 


Average of eight years . . 32'0 
Average of first four years . 32-0 
Average of last four years . 32-0 
Maximum in one year . . 49-0 




Mmimum in one year . 


17-2 


Minimum in one year . . 22-5 



Hie following diagram sbows the vBriations of tbe crops : — 
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8. Papaver somniferum. 

Poppies, although considered an exhausting crop, are said to be frequently grown 
for years in succession without any apparent decrease, but the results of my experi-^ 
ments serve to show, that this will not happen unless they are occasionally manured. 
It is remarkable how near in this instance the average of the shifting and permanent 
crops approaches each other. 

The following Table shows the results : — 



Yetr. 


Permanent crop. Dried in the sun. 


Shifting crop. Dried in the sun. 


1836. 


No. 5. 
38-0 




After Euphorbia lathyris. 
270 

After Cichorium endivia. 


1837. 


15-5 




ll'O 


1838. 


290 




After Polygonum fagopyrum. 
24-0 

After Solatium tulerosum. 


1839. 


13-0 




130 
After Vicia Faba. 


1840. 


14-0 


• 


26-5 


1841. 


ll'O 




Ailer Brassica Rapa. 
15-2 

After Vicia saliva. 


1842. 


220 




26-5 








After Hordeum sativum. 


1843. 


13-4 




120 
After Avena saliva. 


1844. 


8-65 




13-5 




Average of nine years • . 
Average of first five years . 
Average of last four years . 
Maximum in one year . . 
Minimum in one year . . 


18-2 
21-9 

13-7 
380 
110 


Average of nine vears . . 18'7 
Average of first nve years . 20'3 
Average of last four years . 16*8 
Maximum in one year . . 27'0 
Minimum in one year . . 11*0 



The annexed diagram shows the variations in the yearly produce: 
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Poppies. 



40 
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9. Polygonum fagofyrwm. 

Buckwheat, not being an exhausting crop, does not vaiy more than can be explained 
by differences of seasons and other contingent causes, the results being as follow : — 



Year. 


Permanent crop. Produce in a dried state. 


Shifting crop. Produce in a dried state. 1 


1835. 
1836. 


No. 25. 
12-8 

14-0 




14-8 
After Mentha viridis. 
11-5 




1837. 


60 




After Valeriana Phu. 

5-7 




1838. 


160 




After Papaver somniferum. 
180 


1839. 


9-25 




After Vicia Faba. 
12-5 




1840. 


11-5 




After Hordeum sativum, 
11-5 




1841. 


3-2 




After Nicotuma rustica. 
5-5 




1842. 


9-6 




After Nicotiana rusfica. 
141 




1843. 


3-8 




After Beta tmlffaris. 
615 




1844. 


51 




After Beta vulgaris, 
6-6 






Average of ten years . . , 
Average of first five years , 
Average of last five years . 
Maximum in one year • 
Minimum in one year • . 


9-1 
. 11-6 

8-7 

. 16-0 
3-2 


Average often years • . . 
Average of first five years . 
Average of last five years . 
Maximum in one year . . 
Minimum in one year . . 


10-6 
12-5 

8-7 

180 
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Buckwheat. 
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10. Trifolium pratense. 

Red clover being; a biennial, it was necessary to retain the shifting crop in the 
same bed for two years ; and as the produce of the second year was in general larger 
than that of the first, the results can best be compared by stating the sum of each 
two years* growth. 



Year. 



Permanent crop. Produce of two years. 






1835. 
1836. 



1837. 
1838. 



1839. 
1840. 

1841. 
1842. 

1843. 
1844. 



No. 12. 



7-5 

10 



:^}"-' 



Shifting crop. Prodace of two years. 



}j:S}-3 



30-OJ**" 

:*}37-5 



22 
15 



",:!}»•» 



After Mentha viridis. 
12' 

22" 



\-i}''' 



After Euphorbia lathyrU. 

^^•H480 
31-0 J^^ " 



During the last four years it was not found convenient to introduce a shifting crop 
of clover. 
The following curve represents the variations of the crop in the two cases. 
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11. j4vena sativa. 

My trials with oats continued only for six years, and on ground already dmwn 
upon by four crops since the period at which manure had been applied ; the plot 
selected for the permanent crop having borne successively flax, beans, turnips, and 
hemp ; that on which the corresponding crop in 1839 was nused, parsley, mint, and 
clover. 

The produce therefore of the first year was in both cases moderate, and nearly 
uniform, but subsequently there was a greater diminution in the permanent than in 
the shifting crop, as will appear from the following Table : — 



Yor. 




SUMufcnp. 


18S9. 


No. 20. 
»10 




37-5 


1840. 


44-0 




Ailer 7V}fotiwn pratente. 
49-0 


1841. 


31-7 




S3'0 1 28-5 


1843. 


22-5 




24-4 


1843. 


24-4 




After Hilimllau aiamu. 
14-7 


1844. 


14-6 




After Vicia lativa. 
28-3 




Average of six yean . . 
Maximum in one year . 
Minimum in one year . 


. 28-0 
. 44-0 
. 14-6 


Average oT six yeara . . . 32-4 
Maximum in one year . . 49-0 
Minimum in one year . . 14-7 
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The following curve will show the variations in the yearly produce. 
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12. Beta vulgaris. 

In the case also of the beet, the length of time during which the ground was cropped 
seems insufficient to lead to any decisive results, especially as the matters extracted 
from the soil by this plant are, compared to its bulk, inconsiderable. 

The average of the shifting and permanent crops, it will be seen, does not vary 
materially, and what difference there is, seems in favour of the latter. 



Year. 


Permanent crop. Weighed in a green state. 


Shifting crop. Weighed in a green state. 


1839. 


No. 11 A. — After Papaver somn^erum. 

3120 


None.. 


1840. 


217'0 


After Cannabis saiiva. 
3300 


1841. 
1842. 


250-0 
344-0 


After Hordeum sativum. 

264-0 
After Avena sativa. 

1730 


1843. 


1350 


187-0 


1844. 


278-0 


2000 
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The following diagram will sbow the variations in the annual produce: — 
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13. Cichorium end'wia. 14. Mentha viridis. 15. Apium petroselinum. 

The three remaining crops, of Endive, Mint, and Parsley, were introduced into the 
series, from a wish to have one representative at leeist of the principal of those natural 
families, which supply us, with either plants useful for field or garden purposes, or 
with any of the commoner weeds which intrude themselves into our fields, it being 
conceived, that some interesting and useful results might be obtained, by watching 
the effect of their root excretions on plants of the same or of a different tribe. 

Had it not been with a view to this theory, I should hardly have thought it worth 
while to experiment upon plants, which appear to draw comparatively so little from 
the soil, as the three now alluded to. 

The following, however, were the results obtained :— 
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Cichcrium endivia. 



Yctr. 


Pernuuieiit crop. Dried in the sun. 


Shifting crop. Dried in the sun. 




No. 15. 






1834. 


73-5 




None. 


1835. 


No. 16. 
68-5 




After Polyffonumfagopyrum. 
68-0 




No. 15 and 16. 




After Nicotiana msiica. 


1836. 


44-4 




49-0 
After Hcrdeum sativum. 


1837. 


33-3 




340 
After Vicia Faba. 


1838. 


50-0 




46-2 
After Hardeum satwum. 


1839. 


48-5 




38-0 


1840. 


22-0 




None. 


1841. 


58-5 




None. 


1842. 


67-0 




None. 


1843. 


50-0 




None. 


1844. 


72-0 




None. 




Average of ten years . . . 
Average of first five years . 
Average of last five years . 
Maximum in one year • . 
Minimum in one year . . 


51-5 
53-9 
49-2 
73-0 
22-0 


Average of five years • . 47*0 
Maximum of one year . . 68*0 
Minimum of one year . • 34*0 
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Mentha vtridts. 



Yetr. 


Pemuuient crop. Frodace in a dry lUte. 


Shifting crop. Produce in a dry state. 




No. 21. 




1835. 
1836. 


21-9 
53-0 


17-0 

After Aphan petroseUnum. 
26-0 


1837. 


38-0 


After Apium petroselinum. 

9-25 


1838. 


18*3 


36-8 . 


1839. 


26-75 


None. 


1840. 


24-5 


None. 


1841. 


16-8 


None. 


1842. 


18-7 


None. 


1843. 


12-8 


None. 


1844. 


16-5 

Average of ten years . . . 24*7 
Average of first five years . 31*5 
Average of last five years . 1 7'8 
Maximum in one year • • 53*0 
Minimum in one year . • 12*8 


None. 



Tear. 



1835. 
1836. 

1837. 
1838. 

1839. 

1840. 
1841. 
1842. 
1843. 
1844. 



L 



Apium petroselinum. 



Permanent crop. Produce in a dried state. 



No. 27. 

64-25 
115-0 



520 

58-0 

13-0 

590 
22'7 
9-4 
12-0 
33-0 



Average often years • • 39*75 
Average of first six years • 60*2 
Average of last four years • 19*3 
Maximum in one year . .115-0 
Minimum in one year . • 9-4 



Shifting crop. 



74-0 

After Vicia Faba, 
208-0 

After Polygonum fagopyrum. 
61-0 

After Polygonum /agcpyrum. 
68-5 

After Mentha viridis. 
32-5 

After Mentha viridis. 
83-0 

None. 

None. 

None. 

None. 



Average of six years . 
Maximum in one year 
Minimum in one year 



. . 



• 



87-8 

208-0 

32-0 



\ 






iiUli 



Hi 



111 



ill 









illlrli 






111 



Mil 






7i ^S i? a? sTi 1^ 

1| :l :l :i 52 !5 s 

IJl j8 if JS it Isl 



lit tt It it it if il if if itit 
■rilllllllllllllllflllll 






.gip|i=ili||i| 
11 iiMlliis ill 



8^-J^ 



iilSiiiiisiii 









... ..... il 

iji ji i I II (I il 

ii-.iiiiiililii'ilii i 

<f?u3nso99iaiiavisS<nij9t~ = 9 9 



Siiisiiiitfiii?iiiii 



Iiliiiili3iiii^i^g"i 



ESl^^*-^'^'^*^£' 



3 >n «■- ceo o OB 3<Sh.e o 9 o 



ilSH 









i I I I 11 I 



.1 I i 



1 I 



G I s 



1 .1 



T * 

I! 



I 
I 

I 

II 
|| 

It 
II 



BR. DAUBENY ON TffE ROTATION OF CROPS, ETC. 209 

It appears then that out of the whole series, there are only four cases in which the 
average amount of the permanent crop was equal or superior to that of the shifting 
one. 

In the first of these, the Tobacco, the £Etct may be accounted for, from the condition 
of the ground being more favourable to the permanent than to the shifting crop on 
the year of it« introduction, the former being obtained from soil which had been re- 
cently manured, the latter from what had been partially exhausted by preceding crops. 

The second, the B^et, was scarcely continued for a sufficient length of time to lead 
to any certain conclusions. 

The two others, namely, the Endive and Mint, present results so nearly agreeing 
in. the amount of their permanent and shifting crops, that the slight disparity may be 
iairly referred to contingent circumstances, and an uniformity in the products obtained 
may in consequence be inferred. 

Setting aside then the above four cases as exceptional, the general tenor of the 
experiments would seem to indicate a manifest advantage on the side of the shifting 
crops, varying from 1 to 75 per cent., but more generally approaching to the latter. 

Yet it by no means follows that this difference is to be attributed to the influence 
of root excretions. Were such the cause, we ought to perceive a more regular, as 
well as a more rapid, diminution in the permanent crop than is indicated in these 
Tables ; we should not find, for instance, the crop of potatoes equalling in the fifth year 
the produce of the first ; the Turnips, after sinking to 37*0 lbs. in the third year,^ rising 
in the sixth to 128 lbs. ; not to allude to other similar instances of oscillation. 

If De Candollb's theory too could be carried out, we might have expected to find 
a more manifest improvement in the shifting crop occasionally occurring, owing to 
the excretions of the family of plants which had preceded it proving congenial to its 
constitution. 

But if nothing positively injurious be imparted to the soil by the crop, the gmdual 
falling off in the amount of the latter can only be attributed to the deficiency, either 
of organic, or of inorganic matter fitted for its development, in the soil in which it 
was reared. 

Of the two continental writers on chemical agriculture whose works have excited 
the greatest interest in this country, the one would seem to favour the former, the 
other the latter explanation, although it may be more correet to consider them, as 
viewing the subject under two different aspects, rather than as laying down principles 
irreconcileable one with the other. 

LisBio, for instance, although he regards the presence of certain inorganic matters 
as the only condition essential to the existence of a plant, does not deny, that its growth 
may be accelerated in proportion to the ready access to it of ammonia and carbonic 
acid, and these, it is evident, would be supplied more abundantly by the presence in 
the soil of organic matter in a readily decomposable condition. 

Nor, on the other hand, would Boussingault deny the necessity for a supply of the 
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inorganic principles, which form, as it w6re, the skeleton of each plant, although he 
attributes the peculiar benefit derived from fallow crops to their power of generating 
the organic matter which is required by the cereals that are to succeed them. 

In order to determine then in what degree the foiling off of the permanent crop 
arose from the one or the other of these causes, it seemed necessary to obtain an 
analysis of the plants derived from this and from the shifting crop corresponding, 
and to compare the composition of both with that of a standard specimen of the same 
plant determined by the method pursued with respect to the two former ; and it 
would have been also satisfactory, not only to ascertain, whether the soil itself origi- 
nally contained such a store of all the principles existing in the crop, as might be 
sufficient to meet the demand made upon it for that purpose during the whole decea* 
nial period, but also whether its present composition was such, as actually indicated 
a deficiency in any of the principles which entered into the constitution of the plants 
grown in it. 

It is evident that the former branch of the inquiry would have been superfluous, 
if I could have depended on two things : — 

1st. That the analyses given by Sprengel and others, of the plants to which the 
inquiry related, were trustworthy ; and 

2ndly. That the composition of the same vegetable was at all times uniform both 
as to the quality and quantity of its ingredients. 

But with respect to the former point, I found, on turning to the analyses given of 
the ashes of the same plants by different authorities, many marked discrepancies, 
and that those of Sprengel, which are the most numerous of any we could appeal to, 
were regarded as inaccurate by other chemists of higher distinction. 

Nor, even if they had represented truly the composition of the plants which were 
actually examined by that analyst, could we be sure, that they would apply to those 
of the same species, grown in a different countiy, and under altered circumstances, 
more particularly as the recent researches of Libbig, Will, Frbsenius and others, 
appeared to indicate, that certain ingredients admit of being substituted for others, 
according to laws as yet not fully made out. 

For all these reasons then, it became necessary for my purpose to obtain a correct 
analysis, both of the crops, and of the soil ; and I was the more reconciled to the ex- 
penditure of labour involved in this undertaking, when I reflected, that the results 
obtained were likely not only to lead to &n explanation of the cause of the utility of 
a rotation of crops, but also to throw some incidental light upon certain other 
points connected with the chemistry of agriculture, which did not appear to be suf- 
ficiently elucidated ; such for instance, as the degree of variation of which a plant 
may admit in the quality and quantity of its inorganic ingredients, or in other words, 
its power of substituting one principle for another, and likewise as to the state of 
combination, in which the alkalies, phosphates, &c. exist with the other constituents 
of the soil, when in a condition to be assimilated by a plant. 
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I shall, therefore, next proceed to state the results of the analyses of the several 
crops which were made in my laboratory by Mr. Wav. 

PART II. 

On the chemical composition of certain crops cultivated in the Botanic Garden, and on 
. the amount of inorganic principles abstracted by them from the soil during the period 
the experiments were continued. 

It is only within a few years that the importance of ash analyses has been under- 
stood, and we were consequently much at a loss for accurate instructions as to the 
best method of conducting it. 

A valuable paper has however recently appeared in the Memoirs of the Chemical 
Society of London (Part IX.), by Will and Fresenius, which in a great degree sup- 
plies this deficiency, and which we therefore determined to adopt as the basis of our 
scheme of operations. 

One part of it, however, relating to the detei-mination of the phosphoric acid, was 
soon found extremely troublesome in practice, and too tedious to be resorted to in 
an inquiry which involved the necessity of so large a number of analyses. In this 
part therefore of the process, Mr. Way suggested a method, which, as it recom- 
mended itself from its greater simplicity, and appeared to answer well in practice, he 
has adopted in all the cases, of which mention will hereafter be made. 

But although the plan of analysis pursued presents in other respects but little of 
novelty, yet as certain modifications of the scheme of the German chemists have been 
here and there introduced, and as some of the manipulations may admit of being 
more clearly explained than in the paper alluded to, it will not be amiss to set down, 
as briefly as possible, all the principal steps pursued for the determination of the several 
ingredients existing in the ash. 

In a few instances, as in the Cerealia, where the ashes abounded in silicates, com- 
plete solution in acids could not be effected, until the whole had undergone, either a 
previous fusion with carbonate of barytes, or evaporation with caustic potass, the 
former substance being employed for that portion of the ash which was to be ex- 
amined for alkalies, the latter for the one set apart to ascertain the other ingre- 
dients. 

But where the whole of the ash proved soluble in muriatic acid, no such prelimi- 
nary process was required, and we were able to proceed directly to dissolve it in this 
menstruum. 

A certain amount, however, of sand derived from the soil in which they had grown, 
and of charcoal, from the organic matter of the plant which had not been burnt ofi^, 
was always present, and these of course would not be acted upon by this acid. 

There was also in every instance a variable quantity of peroxide of iron proceeding 
manifestly from the vessels in which the combustion had been carried on, the quantity 

MDCCCXLV. 2 F 
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to be burnt being too considerable to allow of its calcination in any of the platina 
vessels which I chanced to possess. 

The ashes, therefore, of which 200 grains were usually taken, had first to be treated 
with pure muriatic acid, and the latter to be driven off by heat, so that the silica of 
the ash might be rendered insoluble. 

Water and muriatic acid were then added to the dry mass, and the portion which 
did not dissolve was separated by filtration. Its weight, after being waslied, i*cpre- 
sented the amount of silica in the ash, together with that of the extraneoas sand and 
charcoal intermixed with it. The former was separated by digestion in pure dilute 
alkaline ley, and its quantity determined, in the first place indirectly, by the loss of 
weight sustained by the insoluble portion after its removal, and in the second more 
accurately, by the direct pracess of separating it from its solution in the alkali by 
treatment with an acid, and subsequent evaporation to dryness, after which, water 
having been added in sufficient quantity to redissolve the alkaline salt, the silica was 
collected on a filter, and then dried and ignited previously to weighing it. 

The solution in dilute muriatic acid was made up to some definite quantity, so that 
it might be divided into four exactly equal portions, of which one was kept in reserve 
in case of any accident happening to the remainder, whilst the three others, which 
we will call A, B and C, were examined for the different ingredients present, as for 

instance, — 

A. For the peroxide of iron. 

B. For the phosphoric acid. 

C. For the alkalies. 

In most of the parts of vegetables, especially in their seeds, and in the tubers and 
bulbs which afford nutriment to animals, the amount of phosphoric acid may be ex- 
pected to exceed that necessary for combining with the iron present. A reagent then 
which throws down phosphate of iron, affords us in these cases a ready means of 
estimating the whole amount of that metal, from the weight of phosphate obtained, 
and Will assures us* that 100 grains of the latter precipitate consists of 43'92 phos- 
phoric acid, and 56*08 peroxide of iron. 

When therefore, to the muriatic solution A, containing a slight excess of acid, ace- 
tate of ammonia is added, the muriatic acid, which had held the phosphate of iron in 
solution, is seized upon by the ammonia of the former salt, and the phosphate of iron, 
being insoluble in the liberated acetic acid, is precipitated. 

We thus obtain a means of readily estimating the amount of peroxide of iron, but 
not of determining that of phosphoric acid, because there may be still a portion of the 
latter remaining in the liquid in combination with other bases, the phosphate of lime 
and of magnesia being soluble in free acetic acid, and the alkaline phosphates being 
so even in water. 

In order therefore to estimate the amount of phosphoric acid, an expedient was 

* Memoirs of the Chemical Society, part 9. 



SM. DAUft£NY ON TH£ ROTATION OF CROPS, ETC. 213 

adopted, bj which the presence of safficient iron to carry down the whole of the 
phosphoric acid might be secnred. 

For this purpose a certain known weight of clean iron wire was dissolved in a 
mixture of nitric and muriatic acids, care being taken that no loss should occur from 
the violence of the action occasioned. 

The solution thus prepared will then contain a definite amount of peroxide of iron^ 
which, when introduced into the liquid containing the ash, wiU seize upon all the 
phosphoric acid, not already combined with iron, which it may contain. 

Accordingly, after adding it to the latter, from which the phosphate of iron Oi-igi- 
nally present had been previously thrown down by acetate of ammonia, we recover 
the whole of the metal, whether in combination with phosphoric acid or not, by ap» 
plying again this same reagent, provided only the solution be rendered neutral by 
ammonia, and raised to a boiling temperature. 

In the case supposed, therefore, the precipitate will indicate the whole of the phos- 
phoric acid existing in the fluid, after the phosphate of iron originally present had 
been thrown down, together with the peroxide of iron which results from the iron 
introdoced into it in union with chlorine. 

Accordingly the quantity of phosphoric acid remaining after the first operation 
may be estimated, by deducting the weight of peroxide of iron, which is known, fi-om 
that of the entire precipitate collected. 

In pmctice however it was found most convenient to determine the amount of 
phosphoric acid, by taking another measured portion of the solution, viz. B, and 
adding to it in the first instance the known weight of iron. We are thus enabled, by 
following the steps above pointed out, to throw down, all the iron originally present 
in combination with phosphoric acid, all the phosphoric acid which may have existed 
in combination with other bases, and the whole of the peroxide of iron, whether pro- 
ceeding from the asti, or introduced from without. 

The amount of the former portion of the iron will have been ascertained by the ex- 
amination of the solution A, whilst that of the latter can be readily calculated, as we 
know the weight of the iron introduced ; by deducting therefore the sum of these two, 
which represents the total amount of peroxide of iron, from the entii-e weight of the 
precipitate, we obtain that of the phosphoric acid present in the ash. 

This modification of the process saves some trouble, as it obviates the necessity of 
reducing the bulk of the solution remaining after the separation of the phosphate of 
iron precipitated from A. in the first process, which, owing to the number of washings 
necessary, becomes inconveniently large. 

I felt curious to ascertain whether the phosphonc acid obtained by the above me- 
thod was combined with two or with three atoms of base, as Will and Fresenius 
state, that the Cerealia generally present it in the former predicament, the Legumi- 
nosse in the latter. 

Our experiments on this point do not appear to confirm such a conclusion, showing 

2 f2 
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rather, that the proportion of base to acid has some reference to the quantity of alkali 
present, and is therefore dependent in a certain degree upon the manner in which the 
previous calcination had been conducted. 

Supposing a plant to be rich in alkali, and to contain but little silex, it would seem 
natural to expect, that the phosphoric acid would be united with three atoms of 
bases. 

When, on the contrary, the proportion of silica was large, a strong heat would 
cause more of it to unite with the alkali, and hence there might be only enough of the 
latter remaining to form a bibasic combination with phosphoric acid. Yet even here, 
if a slighter heat had been applied, it might happen that a tribasic compound would 
be produced. 

Thus we found, that in all the three crops of potatoes the phosphate gave a yellow 
precipitate with nitrate of silver, and the same was also the case in the turnips ; but 
in only one sample of beans, viz. the shifting crop, and in one of barley, which was 
also the shifting one, did the same hold good. 

On the other hand, in two other samples of ash from the barley, and in two samples 
of that from the beans, the phosphoric acid seemed, from the precipitate afforded by 
nitrate of silver, to be united with two atoms only of base. 

It is easy to determine the amount of lime and of magnesia from either of the 
liquids already operated upon, oxalate of ammonia being added to separate the 
former, and, after neutralizing with ammonia the acid solution, phosphate of soda 
throwing down the magnesia. 

In these respects the common methods were adhered to. 

The solution C. was reserved for the determination of the alkalies. 

For this purpose it is necessary to get rid of all the earths and metallic oxides 
which may be present, which is accomplished by adding barytic water so long as a 
precipitation takes place. That reagent of course throws down the whole of the sul- 
phuric and phosphoric acids, the peroxide of iron, most of the magnesia, and most of 
the lime*. 

The filtered solution may however contain a little magnesia and lime, and pro- 
bably much barytes. 

To remove these, carbonate of ammonia is added in excess, and the precipitate 
which is thrown down removed by filtration, after being allowed to stand until it 
becomes heavy and granular. 

If this be duly performed, the remaining solution can contain only muriate of 
ammonia and chlorides of the fixed alkalies. 

The former is removed by heat, and the dry chlorides then remaining will repre- 

* As the entire precipitate, excepting what consists of sulphate of bary tes, is soluble in muriatic acid, we 
may estimate the amount of sulphuric acid present, by treating it with the former acid, removing all that is 
soluble in water by filtration, and lastly weighing the dried residue, from which the weight of sulphuric acid 
may be readily deduced. 
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sent the weight of the alkaline salts originally present in the ash. Having ascertained 
this, the diy residue is dissolved in a small quantity of water, chloride of platinum 
added, and the whole evaporated nearly to dryness. It is then treated with dilute 
alcohol, which takes up the double chloride of platinum and sodium*, together with 
any excess of the reagent that may have been added. The undissolved residue is the 
double chloride of platina and potass, from which the amount of the chloride of 
potassium may be calculated. The difference between the weight of the latter and 
of the whole salt gives that of the chloride of sodium proceeding from the ash. 

The carbonic acid present was best ascertained by operating on a separate portion 
of the ash, and the common method of determining it by the loss of weight conse- 
quent upon the addition of a stronger acid was adopted, with the precautions usually 
taken -f. 

The chlorine also was determined in the usual manner by nitrate of silver, a sepa- 
rate portion of the ash being employed for that purpose. 

In the analyses given, it has been usual to consider it as in combination either 
with sodium or with potassium. That this was the case, seemed probable from the 
curious relation generally found to subsist between the quantity of chlorine and of 
sodium detected, which in many instances approximated so nearly, that we were led 
to conclude, that the chlorine in these instances merely implied a corresponding 
amount of chloride of sodium existing in the ash. That the cori*espondence should 
not have been exact, may be more readily explained, when we consider that the only 
genemlly practicable mode of estimating soda is an indirect one, and therefore liable 
to some degree of uncertainty. 

In the few instances where the amount of chlorine was more than proportionate to 
that of the sodium, it was thought consistent with analogy to regard that portion of 
the former which was in excess, as held in combination with the vegetable alkali, or 
as representing an equivalent weight of chloride of potassium. 

This mode of stating the results may appear objectionable, as blending theory with 
fact, but my reason for adopting it is, that it | joints at an important general conclu- 
sion, which it is hoped future inquiries will either negative or confirm, namely that 
the base of the soda found in plants commonly enters them in a state of combination 
with chlorine, being derived from tbe common salt, taken up, but not decomposed, 
by the organs of the plant. 

Such an inference indeed cannot be adopted by those who receive the analyses 
given by Sprbngel as correct, for in many of these large quantities of soda are stated 

* lliis double chloride is readily decomposed, if first rubbed up with mercury, which flies off along with the 
chlorine in the form of calomel, when heated. 

t It seems a defect in the analyses reported by Sprbngel, that this ingredient is never mentioned in them ; 
for although it may not be present as such in the crop, yet its amount in the ash probably represents that of the 
organic acids existing in the plant previously to its being burnt, and hence the proportion which it bears in 
different samples of the same species to the phosphoric and other mineral acids, may tend to indicate the rela- 
tion subsisting between the amount of organic and of inorganic matter, arising from the mode of culture or 
other circumstances. 
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as having been detected ; biit^ without presamiTig to bring forward the analyses made 
isi my laboratory as in themselves sufficient to justify the public in rejecliiig the 
former as inaccurate^ I may be permitted to observe^ that it is much more easy to 
eonceive that the amount of soda present may have been overrated, than that it sbooUL 
have been estimated below its real amount^ supposing anything like an equality of 
akiR and attention on the part of the operator. 

To overrate it^ we need only attribute to him some degree of negligence^ either in 
not converting by means of chloride of platinum the whole amount of chloride of 
potassium into the sparingly soluble double chloride, or in not determining its oitire 
quantity ; to estimate it too low, we must imagine, what is &.r less probable, a porti^i 
of the readily soluble compound of chlorine with sodium, or the equally soluble 
double salt which the latter forms with platinum, to remain attached to the chloride 
of potassium and platinum, and thus to add to its weight. 

Our results may also appear to militate against the conclusions of a much higher 
authority than Sprbngel, I mean Professor Liebig, who has lately represented that 
one alkali may be substituted for another in the organization of a plant, and that a 
species, which in inland spots assimilates a certain amount of potass, takes into its 
frame an equivalent proportion of soda in maritime districts, where the latter alkali 
abounds. 

With the slender data before ine, it would be the height of presumption to ioapogn 
the generalisations of this distinguished philosopher, but it will be seen from the 
analyses given below, that no difference in the nature of the alkaline ingredients 
could be detected between barley, taken from the neighbourhood of the sea, whether 
from the eastern or western coasts of this country, and from the more central region 
of Oxfordshire. 

Two ingredients mentioned by Sprengei. as existing in the ashes of plants were 
searched for in a few of those to which this paper refers, but without success. These 
were alumina and manganese, the former so universally present in the soil, that it 
may readily find admission into the ashes of the plants, unless the greatest care be 
taken to clean off every particle of dirt entangled by their roots ; the latter, as 
LtEBiG thinks, an accidental ingredient, being taken up by many plants in consi- 
derable quantities where the soil contains much of it,' but altogether wanting in 
the same vegetables cultivated elsewhere. 

In order to ascertain the presence of alumina, the ash was dissolved in muriatic 
acid, the solution evaporated to dryness, in order to separate the silica, and then re- 
dissolved in muriatic acid diluted with water. 

An excess of ammonia was afterwards added to the filtered liquor, and the preci- 
pitate which fell, after having been well-washed, was boiled with a pure solution of 
potass. The portion dissolved was then filtered, neutralized with muriatic acid, and 
treated a second time with ammonia. If any precipitate had been thrown down, the 
presumption would have been that it consisted of alumina, and the appropriate tests 
would have been applied to confirm the conjecture ; but in the only instance ia whkh 
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we could positively assure ourselves that no admixture of the soil had got in^ namely^ 

in the grsaa of bai'ley from En&bam, nothing was tlirown down by the last application 

of ammonia, and in one sample of ash from fl^x (viz. the standard ci*op), only a mere 

trace was discoverable. 

Considering indeed that the soluble salts of alumina are poisonous to plants, aad 

that the earth itself is confessedly present in very variable, sometimes very minute, 

quantities, I am inclined to doubt whether it be in reality a constituent of their ashes 

at all. 

With respect to manganese, two methods were adopted for ascertaining its presence. 

The first, that of boiling the muriatic solution with carbonate of lime, and then, 
after filtering it, adding hydrosulphuret of ammonia. 

The second, the blow-pipe test, fusing a little of the muriatic salt with borax, when 
a very minute quantity of manganese would produce its characteristic colour in the 
bead of glass produced. 

By neither of these methods were any indications of manganese obtained. 

I next proceed to state the results of the analyses made in my laboratory by Mr. 
Way, of six kinds of crops grown in the experimental garden, together with those 
obtained from certain standard crops of the same species, grown in another part of the 
garden, or in other places in the vicinity of Oxford, under more natural circumstances. 

My original object being merely that of ascertaining the quality and quantity of 
the inorganic matters abstracted from the soil in these instances, the crop of barley, 
flax, hemp and beans, was burnt altogether without any separation of their respective 
parts having been previously made, and it was only in the case of the potatoes and 
the turnips that a distinct portion of the plant was selected for analysis, namely, the 
tubers in the former, and the bulbs in the latter. 

Barley. 

Permanent crop, after ten years' repetition. 

100 grains of the dried crop, including both the straw and grain, left of asli 8*7 grains. 

100 grains of this ash contained as follows : — 

Sand and charcoal, extraneous 22*36 

Peroxide of iron, chiefly extraneous . . . 2*12 

24-48 

Silica of the plant ......... 2460 

Phosphoric acid 7*31 

Sulphuric acid 2*12 

Carbonic acid 1-94 

Chloride of sodium 4*73 

Potass 17-33 

Magnesia *. 4*68 

Lime 1391 

Total . . 10114 
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Barley. 

Grown in the same part of the garden as the last, for ten years unmanured, 
distinguished as the shifting crop. 

100 grains of the dried crop, including as before both the straw and the grain, left 
of ash 6*25 grains. 

100 grains of this ash contained as follows: — 

Sand and charcoal, extraneous 21*91 

Peroxide of iron, chiefly extraneous . . • 2*30 

24*21 

Silica of the plant 3647 

Phosphoric acid 9*30 

Sulphuric acid 2*35 

Carbonic acid 1*44 

Chloride of sodium 1*43 

Potass 16-58 

Magnesia 3'58 

Lime 772 

10308 

Barley. 

Grown in a distinct part of the garden. Soil similar, but recently manured^ 
distinguished as the standard crop. 

100 grains of the dried crop, including as before the straw and grain, gave of 
ash 7*15 grains. 

100 grains of this ash contained as follows : — 

Sand and charcoal, extraneous 16*60 

Peroxide of iron, chiefly extraneous . • . 2*30 

18-90 

Silica of the plant 37*27 

Phosphoric acid 7'67 

Sulphuric acid 4*37 

Carbonic acid 1*51 

Chloride of sodium 1-84 

Potass 13*86 

Magnesia 3*96 

Lime 11*81 

10119 

It would appear then from the above analyses, that the principal difference between 
the permanent crop and the two others consisted in the larger amount of soluble 
silica, which, together with the greater proportion of ash, may have arisen from the 
straw predominating in quantity over the grain. 
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It next appeared to me desirable, both by way of testing the accuracy of these re- 
sults, and likewise of ascertaining whether the third sample of barley analysed might 
really be adopted as a fair representative of a standard crop, to examine separately 
the grain and straw taken from a crop of average quality grown in the neighbourhood 
of Oxford. 

Mr. Druce of Ensham accordingly supplied me with a sample of barley from bis 
farm, of which the following analysis was made by Mr. Way. 

1000 parts of the crop of barley from a field near Ensham, situated on the Oxford 
clay, consisted of — 

Grain 676 

Aulm 37 

Straw 38S 



1000 



Of the Grain. — 100 parts yielded of ash 2*04 parts, 100 grains of which consisted of- 



Charcoal*, extraneous . 24*61 
Peroxide of iron, extraneous 2*30 

26-81 
Ingredients of the grain . 73'86, viz.- 

Total . . . 100-69 



Silica 


Excluding extraneous 
matter. 

24-61 or 33-2 


Phosphoric acid . 


22-97 


or 


31-2 


Sulphuric acid . • 


2-48 


or 


3-4 


Carbonic acid . 








Chloride of sodium 


1-48 


or 


2-3 


Potass .... 


14-10 


or 


191 


Magnesia . . . 


6-63 


or 


7-6 


Lime •*.... 


2-71 


or 


3-6 



73-86 



100-4 



Of the Straw. — 100 parts yielded 4-2 of ash, of which 100 parts contained — 



r" r\«i« 



Sand and charcoal, extraneous 4-20 
Peroxide of iron, extraneous . 4*74 



Ingredients of the straw. 
Total . . . 



8-94 
94-62, viz. — 



Excluding extraneous 
matter. 

44-72 or 4720 

1 -68 or 1 -80 

4-38 or 4-60 

or 1-27 



103-56 



Silica .... 
Phosphoric acid . 
Sulphuric acid • 

Carbonic acid • 1-21 
Chloride of sodium 7*86 or 8-26 

Soda .... 0-98 or 1-06 

Potass .... 22-98 or 24-40 

Magnesia ... 1-67 or 1*70 

Lime .... 916 or 966 



103-66 



99-93 



* In thk infitance the extraneous matter not dissolved by muriatic acid proved to consist almost wholly of 
MDCCCXLV. 2 O 



2ao 
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Of the Aubn. — 100 parts yielded 13*7 of ash, of which 100 parts contained- 



'^ Silica . . . . 
Phosphoric acid . 



Charcoal and sand, extraneous 6*22 
Peroxide of iron, extraneous r53 



775 



Ezchiding eztranccoa 

nifttter. 

80-96 or 89-50 
1-20 



or 
0-89 or 
a trace 

or 



Ingredients of the aulm . . 90*58, viz.- 
Total 98-33 



Sulphuric acid . 
Carbonic acid . 

Chloride of sodium 0*73 

Soda . . . • 0-22 

Potass .... 1-23 

Magnesia ... 0*90 

Lime . . , . 4*50 



or 
or 
or 
or 



1-30 
0-90 
0-00 
0-80 
0-24 
1-30 
0-99 
5-00 



98-33 100-03 



According to these data the crop of barley will consist as follows : — 





Parts. 


Parts. 




Parts. 


TotaL 


Ghram « • • • 


57500, Straw .... 


38800 


Aulm .... 


568 


96868. 


Yielding of ash . 


1170 


Yielding of ash . 


1629 


Yielding of ash . 


77-5 


3406-5 


Of which the ex-" 




Of which the ex-"| 




Of which the ex-" 






traneous matter > 


313 


traneous matter > 


141 


traneous matter > 


- 5-5 


459-5 


amounted to J 
Real ash . . 


857 


amounted to J 
Real ash • . 


1488 


amounted to J 
Real ash. . 






72-0 


2417-0 


The latter consisting of 


Consisting of 




Consisting of 






Silica • • • 


287, Silica 


705 


Silica • • • . 


64-50 


1056-50 


Phosphoric acid 


270 Phosphoric acid . 


26 


Phosphoric acid . 
Sulphuric acid . 
Caroonic acid 


0-13 


296-13 


Sulphuric acid . • 
Caroonic acid • • 


29 Sulphuric acid . . 
00 Carbonic acid • . 


70 


0-65 


99-65 


18 


0-00 


18-00 


Chloride of sodium 


17 Chloride of sodium 


122 


Chloride of sodium 


I 0-57 


139-57 


Soda 


00, Soda 


15 


Soda .... 


0-14 


15-14 


Potass 


164 Potass . . . . 


361 


Potass .... 


0-93 


525-93 


Magnesia. . . • 


65! Magnesia . . . 


25 


Magnesia . . . 


0-65 


90-65 


Lime 


31 
863 


Lime 


143 
1485 


Lime • • • . 


3-60 


1 77-60 

2419-17 


7M7 



Now according to this calculation, 100 parts of the mixed ash ought to contain 
the subjoined quantities of the ingredients below- mentioned, and by comparing these 
with the composition given of the ashes obtained from the three crops grown in the 
Botanic Garden, which I have deduced from the analysis before given, after deducting 
in each instance the matters regarded as extraneous, it will be seen that there is a 
near correspondence. 

charcoal» for after the first analysis had been completed, another portion of the ash was fused with potass, after 
which the silica obtained agreed within 0*2 with that procured in the first instance by the usual process. 

I am the more anxious to state this, as it will be seen from the statement given in a subsequent page, that 
there is a great discrepancy between the per-centage of silica given in Mr. Way's analysis and that reported by 
Sprbnoel, a discrepancy which, without this explanation, might be attributed to a want of care on his part in 
not diflsolTing the whol6 of the silica. 
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100 grains of real ash contain^ 



BBHTcs'fl Btiiey CDd BuAej-ttam, 



Silica .... 
Phosphoric acid . 
Sulphuric add • 
Carbonic acid 
Chloride of sodium 
Soda .... 
Potass .... 
Magnesia . . . 
Lime .... 



Total . 



Or Acids 



Botanic Garden. 



Shiftily. 



43-6 

12-2 

4-1 

07 

0-6 
217 

37 

7-3 

99*6 

17"06 
3270 



32-3 
9-5 

27 

2-5 
6-1 
O^ 

22-6 
60 

18-2 

99-9 

147 
46-8 



461 

11-8 

2-9 

17 
17 

oo 

20-9 
4-4 
9-7 

99-2 

16-4 
350 



standard. 



45-0 
9-2 
5-2 
1-8 
2-1 
0-0 

16-8 

47 
14-3 

99-1 

16-2 
35-8 



These results are interesting on two accounts ; first, as they show what the com- 
position of barley is when cultivated under natural circumstances, or within what 
limits its variation from a normal condition may be circumscribed ; secondly, as 
they confirm the general exactness of the preceding analyses, by the correspondence 
which is seen to exist between the composition of the shifting crop, as ascertained 
by experiment, and that of the sample obtained from Mr. Druce's brought out by 
the above method of computation. 

As the analyses of the ash, both in the case of the straw and of the grain, were 
performed by Mr. Way, whilst the proportion between the grain and straw, as well 
as that subsisting in each instance between the crop and its ash^ was ascertained by 
myself, the statement which J have just submitted as to the real composition of the 
crop, calculated from these data, would hardly have presented bo near an accordance 
with the analysis made of the entire crop which I had obtained in the Botanic Garden, 
had not both the one and the other been executed with considerable care. 

It was far otherwise, however, when we compared our results with those of Spbsngbl, 
in which, amongst other striking discrepancies, we observe, that the propoition of 
soda stated to exist in the grain exceeds that of the potass, whilst in our analyses, 
only 8o much as was equivalent to the amount of chlorine appeared to be present*. 



* 0«r analy tit of Hordeum vulgare. 



SntsMQKL'a, of Hordeum dUtichum, 



Bichgn's, at quoted by Wux. 



Silica 33-2 

Phosplioric aeid 31*2 

Sulphuric acid 3*4 

Carbonic acid 0-0 

CUcride of Mdimm. f*3 

Potass 19*1 

Soda 0-0 

Magaeaia. 7^ 

Lime 3*6 

Alumioa 0*0 

100*4 



Silica 50*2 

Pboaphoiie acid 8*4 

Sulphuric acid ........ 2*5 

Carbonic acid 0-0 

Chkiride of Bodiun 0*0 

Potass 11*80 

Soda 12-30 

Magnesia «.. 7*65 

Lime « 4*50 

Alumina •••. 1*50 

99-95 

2o2 



Silica 21*99 

Phosphoric aeid ##-63 

Sulphuric acid 0*d6 

Carbonic acid 0-00 

Chloride of sodium • . . « 0*90 

Potass 3*91 

Soda 16*79 

Magnesia « 1^05 

Lime 3*36 

Alumina 0*00 

97-03 
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This discrepancy made me desirous of learning, whether, in accordance with the 
observations of Will and Fresrnius, any marked yariation in the character of the 
alkaline constituent might subsist between barley cultivated in an inland county like 
Oxfordshire, and near the sea, and I therefore procured, through the kindness of a 
friend, one sample from the coast of Essex, and another from that of Cardiganshire, 
in South Wales. 

The following were the results obtained of barley from the sea coast of Elssex : — 
1000 grains yielded 19 grains of ash. 
100 grains of this ash contains, of — 
Sand and charcoal, extraneous • 23*28 
Peroxide of iron, extraneous . 2*44 

2572 

Silica 24-89, or, excluding extraneous matter 34*0 

Phosphoric acid 21*84, or, excluding extraneous matter 29*7 

Sulphuric acid l^S^ or, excluding extraneous matter 2*4 

Carbonic acid 000 0*0 

Chloride of sodium • . . . 0*00, there being no chlorine in the ash. 

Soda r05, or, excluding extraneous matter 1'3 

Potass 15*42, or, excluding extraneous matter 21*1 

Magnesia 5*29, or, excluding extraneous matter 7'2 

Lime 3*36, or, excluding extraneous matter 4*5 

99*36 100-2 

26*72 

Real ingredients of plant . . 73*64 
Barley-straw belonging to the same crop from Essex. 
1000 grains yielded 49 grains of ash. 
100 grains of these ashes contain, of — 

Sand and charcoal, extraneous 8*59 

Peroxide of iron, extraneous . 4*26 

12*85 

Silica 41'81,or, excluding extraneous matter 48*9 

Phosphoric acid ..... 4* 1 8, or, excluding extraneous matter 4*9 

Sulphuric acid 0*679 ^^9 excluding extraneous matter 0*8 

Carbonic acid 000 0*0 

« 

Chloride of sodium .... 9*58, or, excluding extraneous matter 1 1*2 

Soda 0*65, or, excluding extraneous matter 0*7 

Potass 18*49, or, excluding extraneous matter 21*6 

Magnesia 4*95, or, excluding extraneous matter 5*7 

Lime 5*18, or, excluding extraneous matter 6^1 

98-36 99-9 

12*85 

Real ingredients .... 85*51 
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The straw of the barley grown on the coast of Wales was not examined, but the 
ash of the grain from that quarter was found to contain, in 100 parts, 9*64 of potass, 
1*32 of chloride of sodium, and only 0*84 of soda, the smaller proportion of potass 
being explained by the larger amount of extraneous matter present in the residuum 
left by it after calcination, than by the samples previously noticed. 

The small proportion of soda, however, both in this, and in the former case in 
which the sample was obtained from the neighbourhood of the sea, seems to militate 
against the general conclusion deduced by Will, from his analysis of barley taken 
from the interior of Germany, as compared with the same brought from the Nether- 
lands. 

Potatoes. 

The crop grown in a recently manured portion of the Botanic Garden, separate 
from the spot set apart for the experiments, proving defective in quality, I selected 
as my standard a good mealy sort reared in the neighbourhood of Oxford, in the 
same kind of subsoil. The following will give the relative composition of this, and 
of the two crops obtained from the ground left for ten years unmanured, which, in 
the case of that styled the permanent, had borne potatoes for ten years consecutively, 
whilst in that styled the shifting, it had only borne them in 1844, having been occu- 
pied with the following plants on the nine years preceding, viz. — 

1840. Linum usitatissimum. 

1841. Solanum tuberosum. 

1842. Papaver somniferum. 

1843. Hordeum sativum. 



1835. Delphinium consolida. 

1836. Tri folium pratense. 

1837. Nicotiana rustica. 

1838. Valeriana Phu. 

1839. Valeriana Phu. 



Standard Crop. 

7*6 of ashes. 
Of the tubers, 1000 grains yielded about . . . -< 765*0 of water. 



236*4 solid organic matter. 



10000 

Overlooking the small amount of extraneous matter intermixed, the ash will of course 

represent the proportion which its inorganic constituents bear to the whole quantity. 

Now 100 grains of this ash consisted of — 

Sand and charcoal, extraneous . . . 5*93 
Peroxide of iron, extraneous .... 6*85 

1 2*78 

Silica . . • ^ ' . . 5*81 

Phosphoric acid 9*68 

Sulphuric acid 5*23 

Carbonic acid 5*84 

Chloride of sodium 2*06 

Chloride of potassium 6*67 

Potass , 37*99 

Magnesia 10*98 

Lime 2*71 

99*75 
\a*7% 



Real infirredients .... %^*^*I 
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Permanent Crop ^ Potatoes. 

r 127 of ash. 

Tubets, 1000 grains yielded -1 724*0 of water. 

1263*3 solid organic matter. 

10000 
100 grains of this ash consisted of — 

Sand and charcoal^ extraneous . . . 14*40 
Peroxide of iron, extraneous .... 3*80 

1770 

Silica . 1*57 

Phosphoric acid 10*68 

Sulphuric acid 3*74 

Carbonic acid 10*68 

Chloride of sodium 2*79 

Chloride of potassium 3*09 

Potass 37'47 

Soda 0*00 

Magnesia 7*00 

Lime 3*64 

98*24 
1770 

Real ingrediemts .... 80*54 

Shifting Crop of Potatoes. 

r 10*8 of ash. 

Of the tubers, 1000 grains yielded i 719*0 of water. 

1270*2 solid organic matter. 

1000*0 

100 graiBS of this ash consisted of — 

Sand and charcoal 2*16 

Peroxide of iron 516 

7'31 

Silica 6*60 

Phosphoric acid 15*13 

Sulphuric acid 2*21 

Carbonic acid 11 *03 

Chloride of sodium 1*87 

Chloi-ide of potassium 0*00 

Potass 46*12 

Soda 0*78 

Magnesia 6*31 

Lime 2*54 

09*88 

7-81 
Real ingredients .... 92*57 
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The above analyses of potatoes^ it may be observed^ agree more nearly with 
BoussiNOAULT than with Sprengel^ as will appear by the following Table :-— 



• 








Wat. 




iDgredientf. 


RniT ABVwa ▲ nr t 


fiow B^A W 








0\M V 99 An WAV A/r* 


•rBSMwMi. 


Permanent. 


Shifting. 


Stindard. 


SiHca ...... 


5-6 


10 


1-95 


7-150 


6-67 


Phosphoric acid . • • 
Sulphuric acid . . • 
Carbonic acid . . . 


11-3 


4-8 


ISSO 


16-200 


11-15 


71 


6-5 


4-66 


2-370 


6-00 


13-4 


0^ 


13-30 


11-900 


6-70 


Chloride of sodium • • 


0-0 


0-0 


3-43 


1-950 


2-30 


Chloride of potassium . 


0-0 


0-0 


0-00 


0-000 


7-60 


Soda ...... 


traces. 


28-5 


0-00 


0-840 


0-00 


Potass 


51-5 


48-2 


46*60 


5€rOO 


43-80 


Magnesia 


5-4 


3-9 


8-70 


6-85 


12-65 


lime 


1-8 


4-0 


4-54 


2-70 


3-10 



The correspondence between the standard crop analysed by Mr. Way and the one 
analysed by Boussingault^ is in many particulars exceedingly close ; there is indeed 
an excess of magnesia and some little deficiency of potass^ but if the potassium 
present in 7*6 of chloride (which is equivalent to 4*0) be represented as potass^ it will 
amount to 4*8^ which^ added to 43*8^ brings up the proportion of potass to 48*6^ or 
to more than that present in the permanent crop. 

Turnips. 

The next kind of crop which we analysed was the turnips^ and the following were 
the results obtained : — 

Standard sort from the neighbourhood of Oxford^ contained about 10 of water^ 
and 1 of organic matter. 

1000 grains yielded 3*18 of ashes ; 100 grains of which consisted of — 

Sand and charcoal 5*28 

Peroxide of iron 11*91 



17-16 

Silica 3-81 

Phosphoric acid .1 2*63 

Sulphuric acid 7' 17 

Carbonic acid 7*04 

Chloride of sodium 4*83 

Soda 2-57 

Potass 31-62 

Magnesia 3*18 

Lime 1154 



Real ingredients 



101-55 
17I6 

84-39 
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Turnips. 
Shifting crop. 

Sand and charcoal 4*01 

Peroxide of iron 3'81 

7-82 

Silica 3-30 

Phosphoric acid 10-77 

Sulphuric acid 943 

Carbonic acid 866 

Chloride of sodium ••.••.. 0;00 

Chloride of potassium 5*40 

Potass 38-46 

Magnesia 5*08 

Lime 10-44 

99-42 
7-82 

Real ingredients .... 91-60 

Turnips. 
Permanent crop- 
Sand and charcoal 3-92 

Peroxide of iron 2-80 

6-72 

Silica 2-67 

Phosphoric acid 12*80 

Sulphuric acid 11-07 

Carbonic acid 9*75 

Chloride of sodium 1*74 

Soda 0*00 

Potass 39-44 

Magnesia 3*83 

Lime 1181 

9973 
6-72 

Real ingredients .... 93*01 

Here also there is a pretty near coincidence between the analysis of Mr. Way and 
that of BoussiNOAULT, excepting in the amount of phosphoric acid, which corre- 
sponds nearly to that reported by Sprengel, with whom however in other respects 
there is but little agreement, as will appear from the following Table : — 
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Way. 




Ingredients. 


TlmtBBf wn A iTf *■■ 


fira Vltf AST 








0\J U OB AM U A U JjX* 


OtrmMn vKIm 


Permanent. 


Shifting. 


Standard. 


Silica 


6-4 


7-8 


2-87 


3-60 


4-5 


Phosphoric acid, < •« . 


60 


14-0 


13-70 


11-80 


14-9 


Sulphuric acid . . . . 
Carbonic acid • . • • 


10-9 


7'9 


11-80 


10-30 


8-5 


00 


0-0 


10-10 


9-40 


8-3 


Chloride of sodium. . • 


0-0 


0-0 


1-83 


0-00 


5-7 


Chloride of potassium . . 


0-0 


0-0 


0-00 


5-90 


0-0 


Soda ....... 


4-1 


2X-0 . 


. 0-00 


0-00 


3-1 


Potass 


33-7 


14-0 


42-40 


4200 


37-4 


Magnesia 


4-3 


4-3 


4-10 


5-60 


3-8 


Lime • • 


10-9 


24-4 


12-81 


11-30 


13-6 





BOUSSINOAULT.. 


Sprenobl. 




Wat. 




Permanent. 


Shifting. 


Standard. 


Potass • • . 
Soda • • • . 

Alkalies • . 


33-7. 
4-1 


21-0 
14-0 


.42-.40 . 
1-14* 

1" 


. 45-74t 

0-00 


37'40 
6-16t 


37-8 


35-0 


.43'54 . 


. 45-74 


43-56 



Hemp. 

Standard crop grown in the Botanic Garden apart from the portion reserved for 
the experiments. 

100 grains of the crop left 6-1 of ashes^ 100 grains of which contained of— 

Charcoal and sand 7*48 

Peroxide of iron 2*78 



10-26 

Silica . . . .... . • . . . 6-58 

Phosphoric acid 5*44 

Sulphuric acid 1*09 

Carbonic acid . . 19'81 

Chloride of sodium . . . • . . . 1'72 

Soda 0-98 

Potass 1371 

Magnesia 7'67 

Lime . 3403 



Real ingredients . • 



100-29 
10-26 

9003 



♦ Viz. Ch. Sod. 1-83 = Soda 114. 

t Viz. Potass 4200 

Ch. Pot. 5-9 = Potass 374 



X Viz. Soda 310 

Ch. Sod. ....- 5'7=306 



45-74 



6-16 



MDCCCXLV. 



2 H 
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Hemp. 
Shifting crop. 

100 parts yielded 7'01 of ash, 100 parts of which consisted of— 

Sand and charcoal 8*30 

Peroxide of iron 3*78 

12*08 

Silica • 871 

Phosphoric acid 5*68 

Sulphuric acid 0*73 

Carbonic acid 20*10 

Chloride of sodium 0*63 

Chloride of potassium 0*00 

Soda 0*14 

Potass 7*49 

Magnesia 5*19 

Lime 39*00 

99*76 
1208 

Real ingredients .... 87*67 

Hemp. 
Permanent crop. 

100 parts yielded 6*00 of ash, 100 parts of which consisted of — 

Sand and charcoal 10*40 

Peroxide of iron 3*94 

14-34 

Silica 8*39 

Phosphoric acid 4*50 

Sulphuric acid 1*09 

Carbonic acid 19*78 

Chloride of sodium 0*43 

Soda 006 

Potass 7*26 

Magnesia 2*18 

Lime 40*10 

9812 
14*34 

Real ingredients .... 83*78 
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The following will give a tabular view of the composition of the above three crops 
in 100 parts, after deducting the extraneous matters present in the ash. 



Ingredients. 



Standard. 



Silica 

Phosphoric acid. • 
Sulphuric acid • • 
Carbonic acid • • 
Chloride of sodium 

Soda 

Potass 

Magnesia. . . . 
Lime 



6-13 
6-00 
2-00 

21-79 
1-89 
1-08 

15-08 
8-43 

37-40 



99-80 



Shifting. 



9-95 
6-50 
0-83 

23-00 
0-72 
0-16 
8-55 
5-95 

44-60 



Pennanent. 



10-00 
5-35 
1-20 

23-50 
0-47 
0-07 
8-62 
2-62 

47-60 



100-26 



10000 



Flax. 

Standard crop^ grown in the Botanic Garden apart from the spot reserved for the 
experiments. 

100 grains of the crop, including the ripened seeds, yielded 10*7 of ash, of which 
latter 100 parts contiuned — 

Sand and charcoal 12*02 

Peroxide of iron 3*42 

15*44 

Silica 1*77 

Phosphoric acid ^ 6*85 

Sulphuric acid 5*10 

Carbonic acid 15*69 

Chloride of sodium 2*43 

Chloride of potassium 6*04 

Soda • 0-00 

Potass 21*73 

Magnesia 3*89 

Lime 18*30 

97*24 
15*44 

Real ingredients . . . • 81*80 



2h2 
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Flax. 
Shifting crop. 

100 grains of the crop yielded 8*0 of ashes, 100 grains of which consisted of- 

Sand and charcoal . . . . . . . 13*15 

Peroxide of iron .,.••... 5*41 

18-56 

Silica 1*82 

Phosphoric acid . 677 

Sulphuric acid 4*18 

Carbonic acid •..,•...• 1 7'38 

Chloride of sodium 1*58 

Soda . 105 

Potass 20-51 

Magnesia 4*72 

Lime 21*56 

9813 
18-56 

Real ingredients . . • . 70*57 

Flax. 
Permanent crop. 

100 grains of the crop yielded 6*675 of ash, 100 grains of which consisted of- 

Sand and charcoal 7*05 

Peroxide of iron 8*01 

1506 

Silica 6*56 

Phosphoric acid 6*55 

Sulphuric acid 3*12 

Carbonic acid 12*20 

Chloride of sodium 1*14 

Soda 5*87 

Potass 11-05 

Magnesia 4*68 

Lime 33*59 

99*81 
15*06 

Real ingredients .... 84*75 
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The following will show the composition of the three crops of flax^ after deducting 
the extmneous matters present in the ash. 



Ingredients. 


Standard. 


Shifdng. 


Permanent. 


SiUca 


2-16 


2-3 


7-3 


Phosphoric acid. . • . 


8-40 


8-5 


7'3 


Sulphuric acid . . . • 


6-20 


5-3 


3-7 


Caii)onic acid . . • . 


19-10 


21-9 


14-4 


Chloride of sodium. . . 


2-93 


20 


1-4 


Chloride of potassium . . 


7-35 






Soda 4 


# • * • 


1-3 
25-8 


6-9 
13-0 


Potass 


26-50 


Magnesia 


4'76 


5-9 


5-5 


Lime 

- 


22-30 


27-0 


40-0 


99-70 


100-0 


99-5 



Bbans. 

Standard crop grown in a part of the Botanic Garden distinct from the portion 
set apart for the experiments. 

100 grains yielded 6"45 of ash, 100 grains of which consisted of— 

Sand and charcoal 1 2*00 

Peroxide of iron 233 

14-33 

Silica 2-44 

Phosphoric acid 7'77 

Sulphuric acid 2*95 

Carbonic acid 1 7*38 

Chloride of sodium . 2-58 

Chloride of potassium 0*91 

Soda 000 

Potass 30-37 

Magnesia 2-69 

Lime . ... 17*17 

98-57 
14-33 

Real ingredients .... 84-26 
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Beans. 
iShifting crop. 
100 parts of crop yielded 5*7 of ashes, 100 parts of wbtcb consisted of- 

Sand and charcoal 8*24 

Peroxide of iron 3*77 

1201 

Soluble silica 3-97 

Phosphoric acid 3*83 

Sulphuric acid 2*49 

Carbonic acid 18*45 

Chloride of sodium 1*23 

Soda 0*22 

Potass 20-56 

Magnesia 3*79 

Lime . • . . 33*87 

88*41 
1201 

Real ingredients .... 76*40 

Beans. 
Permanent crop. 
100 parts of crop yielded 4*4 of ash, 100 parts of which consisted of — 

Sand and charcoal, extraneous . . . 6*13 
Peroxide of iron, extraneous .... 4*24 

10*37 

Soluble silica 4*05 

Phosphoric acid 3*29 

Sulphuric acid 1*96 

Carbonic acid 19*87 

Chloride of sodium 1*00 

Soda 7*00 

Potass 12*77 

Magnesia 3*63 

Lime 35*76 

99*70 
10*37 

Real ingredients .... 89*33 
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The following Table will show the composition of the three crops of beans, after 
deducting the extraneous matters present in the ash. 



Ingndieott. 



Soluble silica • • 
Phosphoric acid. . 
Sulphuric acid • . 
Carbonic acid . • 
Chloride of sodium. 
Chloride of potassium 

Soda 

Potass 

Magnesia .... 
Lfime 



Standard. 



2-90 

9-25 

3-50 

2070 

3-17 
1-08 
0-00 

36- JO 
3-20 

20-30 



100-00 



Shifting. 



Permanent. 



4-48 
4-32 
2-80 

20-85 
1-38 
0-00 
0-24 

23-20 
4-28 

38-20 



99-75 99-75 



4-50 
3-68 
2-19 
22-20 
1-12 
0-00 

7-80 

14-20 

4-06 

40-00 



Having now^ with reference to the six plants above-mentioned^ stated, not only the 
amount of every year's crop, but also the composition of the last of each which had 
been obtained, we seem to be in a position to calculate the amount of the several 
inorganic ingredients contained in them, which will have been abstracted from the 
ground during the time the experiments were carried on. 

This indeed is a question of little interest^ so far as regards the acids and bases 
that are predominant ingredients in the soil, but in the case of the alkalies, the mag- 
nesia, and the phosphates, which exist there in more limited quantity, its determina- 
tion may afford us a clew towards the main object of our inquiry, namely, the 
cause of the falling off of a crop after frequent repetition. 

In the case of the barley, it will be seen, that the produce of the same plot of ground 
amounted in the course of ten years to 289*65 lbs., including straw as well as grain, 
and that, taking the last year's crop as the criterion, this quantity would have yielded 
25*2 lbs. of ash. 

For as 100— 87— 289-65— 252. 

Now 25*2 lbs. of ash would contain nearly as follows, according to the analyses 
given above : — 

Sand and charcoal 1 

„ . . ^. > extraneous . . . 625 

Peroxide of iron J 

Silica 6*30 

Phosphoric acid 1*84 

Sulphuric acid 0'53 

Carbonic acid 0-47 

Chloride of sodium 1*18 

Potass 4-36 

Magnesia 1*15 

Lime 3*52 

25*60 
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On the other hand, the shifting crops of barley, which in ten years amounted to 
421 lbs., and which, taking as our criterion the amount of ash yielded the last year 
(1844), had drawn from the land 26*31 lbs. of inorganic matter (the sand, charcoal, 
and peroxide of iron, drawn from other sources having been deducted), would have 
abstracted from the soil in ten years, as follows : — 

Sand and charcoal 1 ^ ^ .^, 

•^ .. ^. > extraneous • . 6*175 

Peroxide of iron J 

Silica 9-300 

Phosphoric acid • . 2*370 

Sulphuric acid 0*600 

Carbonic acid 0*366 

Chloride of sodium 0*364 

Potass 4*220 

Magnesia 0*915 

Lime 1*960 

26*270 

Proceeding now to the second case, that of the potatoes, we find the amount of 
tiie produce, in the case of the permanent crop, in nine years to have been 620*8 lbs., 
yielding 7'37 of ashes, of which, however, about 1*37 were extraneous. Consequently 
during that period the inorganic constituents, abstracted from the soil, and contained 
in 6 lbs. of real ash, would be as follows : — 

Silica . 0*11 

Phosphoric acid .... 0*80 

Sulphuric acid .... 0*27 

Carbonic acid . , .• . 0*80 

Chloride of sodium . . . 0*20 

Chloride of potassium . . 0*23 

Potass 2*80 

Magnesia 0*52 

Lime 0*27 

6*00 

On the other hand, we find, in the case of the shifting crop, the average of nine 
years* produce to be 89*1, or nearly 802 lbs. for the whole period, yielding of ashes 

about . . ^ 7*3 lbs. 

from which must be deducted, as extraneous matter, about 0*7 

Leaving for real ash .... 6*6 
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and containing the following constituents : — 

Silica 0-472 

Phosphoric acid .... r070 

Sulphuric acid • . . , 0*157 

Carbonic acid .... 0*785 

Chloride of sodium . . . 0*130 

Potass 3-300 

Soda 0-055 

Magnesia 0*452 

Lime 0-178 

6-599 

In the case of the next crop, the turnips, I have not sufficient data to determine 
with exactness the amount of inorganic ingredients extracted from the soil^ having 
omitted to weigh the bulbs, from which the ash, in the case both of the permanent 
and shifting crops, was derived. 

I find, however, that 1000 parts of a good sample from the neighbourhood of 
Oxford yielded 3-15 of ash, of which about 0-55 was extraneous, so that 2*6 grains 
will represent the amount of inorganic constituents really present. 

The bulbs obtained from the permanent crop in ten years amounted to about 
1008 lbs. ; so that the inorganic constituents extracted from the soil in this instance 
may be reckoned at about 2*62 lbs. 

Now 2-62 lbs. of inorganic matter would, according to the previous data, consist 
of the following ingredients^ viz. 

lbs. 

Silica 0-075 

Phosphoric acid . . • 0-360 

Sulphuric acid . . . . 0-310 

Carbonic acid .... 0-273 

Chloride of sodium . . 0*050 

Potass 1110 

Soda ....... 0000 

Magnesia 0*110 

Lime 0-332 

2-620 

The shifting crop of turnips in the same period yielded of bulbs 1765 lbs., which, 
according to the same calculation, would have produced 4*58 of real ash. 

For as 1008—262—1765 — 4-58. 

Now 4-58 lbs. of ash would contain the following proportions of inorganic consti- 
tuents, viz. 
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Silica . . . . . • 
Phosphoric acid . • 
Sulphuric acid . . . 
Carbonic acid . . . 
Chloride of potassium 

Potass 

Magnesia . . . . 
Lime 



0165 
0-540 
0-470 
0-430 
0-270 
1-930 
0-255 
0-520 

4-580 



The next crop I shall consider is hemp^ of which the permanent crop, according to 
the statements given in the first part of this paper^ would have amounted in nine 
years to 271*25 lbs., or 30-13 lbs. per annum, yielding of ash 16-27 lbs. 
For as 100— 60— 271-25— 1627. 

Now 16-27 lbs. of ash would contain 
of extraneous matter about 2-27 



leaving 14-00 of inorganic principles belonging to the plant, 
which would consist of — 

Silica 1-30 

Phosphoric acid .... O-7O 

Sulphuric acid . . . . 0*17 

Carbonic acid .... .3-07 

Chloride of sodium . . . 0*06 

Soda 0-08 

Potass riO 

Magnesia 1-40 

Lime 6-12 



1400 



Now the average of the shifting crops for seven crops was 40 lbs., and as the ash 
obtained was about 7 per cent, its whole amount would have been 2*8 lbs. 

lbs. 

Or in seven years (2-8x7)= 19-6 

Of which the extraneous matter would be about 2*3 



Leaving of inorganic principles extracted from the earth in seven years 

Or, if in seven yeai-s — 17'3 — nine years 

Now 17*3 lbs. of inorganic principles consist of 

Silica . . . . , . . 170 219 

Phosphoric acid .... 1-18 1-52 

Sulphuric acid .... 0-14 0*18 

Carbonic acid .... 3-96 6-10 

Chloride of sodium ... 0' 12 0'15 

Soda 0-03 0-04 

Potass 1-47 1-90 

Magnesia 1*00 1*29 

Lime 7*60 9-80 



173 
22-17 



17-20 



2217 
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I next proceed to the flax, which in ten years produced, as we have seen, an 
amount of crop equal to 126 lbs., yielding of ashes 8*4 lbs. 

of which 1 *26 was extraneous. 

Leaving of real ash 7*H, which would consist of — 

Silica 0-520 

Phosphoric acid . . . 0*520 

Sulphuric acid .... 0*264 

Carbonic acid .... 1*020 

Chloride of sodium . . 0099 

Soda ....... 0*490 

Potass , 0*925 

Magnesia 0*390 

Lime 2*850 

7-078 

Now the average of ten crops of flax, cultivated in different plots of the same 

garden, was 22*7 lbs., yielding 1*816 of ashes, = in ten years 18*16 lbs., of which 

3*36 lbs. were extraneous, leaving 14*8 lbs. of real ash, which would consist of the 

following ingredients : — 

Silica 0*34 

Phosphoric acid . . . . 1*25 

Sulphuric acid .... 0*78 

Carbonic acid ... * 3*22 

Chloride of sodium . . . 0*30 

Soda 0*20 

Potass ....... 3*80 

Magnesia 0*87 

Lime 4*00 

1 4*76 

The last of the crops made the subject of examination was the beans, where the 
aggregate of ten years' produce, in the case of the permanent crop, was 247 lbs., 
which would have yielded 10*8 lbs. of ashes. 

Of this, however, about VI would consist of extraneous matter. 

Leaving 9*7 of real ash, 

consisting of the following ingredients : — 

Silica 0*44 

Phosphoric acid .... 0*36 

Sulphuric acid .... 0*22 

Carbonic acid . . . . 2*13 

Chloride of sodium . . . 0*12 

Soda 0*76 

Potass 1*37 

Magnesia 0*40 

Lime 3*90 

970 
2 i2 
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In the case of the shifting crop of beans the produce of ten years gives an aggre- 
gate of 336 lbs., yielding of ash 19*15 lbs., 

of which, however, about 2*30 was extraneous. 



which would contain, of- 



leaving 16*85 of real ash. 

Silica 0*757 

Phosphoric acid . . . 0*723 

Sulphuric acid . . . . 0*470 

Carbonic acid . . • • 3*500 

Chloride of sodium . • 0*235 

Soda 0-044 

Potass 3*900 

Magnesia 0*725 

Lime 6*420 



16*774 



Diagram showing the relation between the Permanent and the Shifting Crops. 



<^P** I FlazudBant 




The 
pennanent < 
crops. 



Before we proceed to inquire, whether the difference in the average amount of pro- 
dnce obtained under these two modes of cultivation arose from a deficiency of the 
organic, or of the inorganic materials present in the soil, it may be worth while to 
present a tabular view of the numerical relation subsisting between the permanent 
and shifting crops in each instance, with respect to the entire crop, to the entire 
amount of inorganic matter, and to the proportions of phosphoric acid and of alkalies 
present in each. 
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Total amount of produce. 


Inorganic constituents. 


Phosphoric acid. 


Alkalies. 1 


Pennanent. 


Shifting. 

• 


Permanent. 


Shifting. 


Permanent. 


Shifting. 


Penuanent. 


Shifting. 


Barley. . . . 


69-0 


100*0 


96-5 


100-0 


77-0 


100-0 


77*0 


100*0 


Potatoes.. 


77-5 


100-0 


91-0 


100-0 


75-0 


100*0 


85-0 


100-0 


Turnips . . 


67-0 


100-0 


• • V • 


.... 


77-0 


100-0 


58-0 


100-0 


Hemp .... 


75-0 


100*0 


63-5 


100-0 


46-8 


100-0 


55-0 


1000 


Flax 


55-5 


100-0 


48-0 


100-0 


41-6 


100-0 


35*0 


100-0 


Beans .... 


73-0 


100-0 


58-0 


100*0 


50*0 


100-0 


36-0 


100-0 



The results in the two first instances would seem to lead to opposite conclusions 
from those suggested by the three latter^ inasmuch as^ whilst in the barley and the 
potatoes, the difference between the amount of inorganic constituents in the two cases 
was much less than that between the permanent and shifting crop collectively taken ; 
in the hemp, flax and beans the contrary remark applies. 

If we take the phosphoric acid, we find also that in the barley, and turnips, it stands 
in a higher ratio to the other constituents in the permanent, than in the shifting crop, 
whilst in the hemp, flax and beans, it stands in a much lower one. 

A similar remark applies to the alkalies, so that no general conclusion, as it might 
seem, is deducible from these premises. 

It appears to me, however^ that the existence of a larger relative amount of phos- 
phoric acid in the permanent than in the shifting crops of barley and of turnips, afibrds a 
stronger presumption in favour of a certain dependence of the produce on the organic 
matter, than the opposite result arrived at in the three other cases does of the reverse. 

If the falling-off of the crop in these instances had arisen from a deficiency of cer- 
tain of its inorganic principles, such for instance as the phosphates or the alkalies, at 
least a corresponding reduction in these latter might have been expected to have been 
f6und in the ashes of the one which proved deficient in quantity ; whilst on the other 
hand, if the deficiency of organic matter be supposed to have checked the develop- 
ment of particular parts, as, for example, of the seeds, it might thereby afiect the 
character of the ashes obtained, and thus a smaller amount be abstracted, without any 
actual failure, in the supply afforded by the soil to the plants that grew in it, taking 
place with regard to them. 

I am led to this opinion, by the result of an examination, which I requested Mr. 
Way to institute, into the nature of the inorganic constituents present in ordinary 
gluten, and in starch. 

The first, obtained from wheat, yielded about three parts of inorganic matter in the 
1000 parts, which latter contained as much as 33 per cent, of phosphoric acid com- 
bined with lime, and a trace of magnesia, but no carbonate of lime*. 

- ^* I found also that the bran contained a larger proportion of silica than the albnmen of the grain itself, and we 
know that the proportion of these seyeral parts, one to the other, yaries considerably in different samples of flour. 
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The latter^ obtained from potatoes, yielded about 3*43 parts of inorganic matter in 
the 1000, of which only 477 per cent, was phosphonc acid, whilst 82'48 was car- 
bonate of lime. 

Thus, in the case of wheat, any condition of things which should check tbe forma- 
tion of gluten, would diminish the quantity of phosphoric acid present in tbe ashes 
of this plant, even though the soil might contain an abundant supply of that ingre- 
dient; and as the formation of gluten is promoted by the presence of manures abound- 
ing in ammoniacal salts*, so it may easily happen, that this principle should be 
deficient where such manures are too sparingly administered. 

In a similar way, a variation in the constituents of barley and other crops may 
be supposed to arise, not only from a larger or smaller supply of inorganic principles 
in the soil, in the manner that Liebig has so lucidly explained to us, but likewise 
from a more plentiful exhibition of those products of the decomposition of organic 
bodies, which favour the development of particular organs, or of certain of the prox- 
imate principles which the latter contain. 

Which, however, of these two suppositions applies to tbe cases now under con- 
sideration, will be better seen, when we have considered the composition of the soil 
in which they grew, as determined by analysis. 



PART III. 

On the chemical composition of the soil in which the crops were grown, and on the 
proportion of its ingredients that were available for the purposes of vegetation. 

The chief difficulty, which occurs with respect to the analysis of a soil, relates to the 
determination of those ingredients which, like the phosphates and the alkalies^ exist 
in minute proportions, and which accordingly appear to have been overlooked by 
Davy, and others, who first applied themselves to the subject of agricultural chemistry. 

It will not be necessary therefore to take up the time of this Society, by giving a 
detailed account of the method pursued by Mr. Way in his examination of the soils 
of which I wished to learn the composition ; it may be sufficient to state, that after 
separating the several portions, one from the other, by the mechanical method pointed 
out by Mr. Rham, and determining the relation which the coarser bore to the finer, 
the latter, which alone were supposed capable of imparting any nourishment to plants, 
at least within a limited period, was submitted to the usual course of examination 
pursued by chemists. 

To ascertain the phosphates however, a distinct and a much larger portion of the mXL 
was operated upon, not less than 2000 grains being tak^i for the purpose, and this 
was digested for five hours in water acidulated with muriatic acid, the flask employed 
for the purpose being fitted up with a funnel attached to its necky in the manner re- 



* See Hbrmbstadt's experimentB quoted in the third of my Loctaret oa Agxicoltnrt, and Sir H. Datt's 
Lectures on Agricultural Chemistry. 
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commended by Dr. Ure, for the purpose of condensing the acid which might be dis- 
engaged in vapour, and restoring it to the body of the vessel*. 

The liquor, after being filtered, was evaporated to dryness, so as to dispel the 
greater part of the acid. 

The residuum was then treated with water, and an excess of ammonia was added, 
by which the iron, alumina, and phosphate of lime were thrown down. 

The whole was then carried to dryness, and gently ignited, by which means the 
greater part of the iron and of the alumina is rendered insoluble in dilute acids, which 
take up the phosphate of lime. 

The solution was then treated with ammonia so long as any precipitate was thrown 
down, and the latter digested with dilute alcohol mixed with sulphuric acid, by which 
any alumina and iron that had been precipitated were converted into soluble salts, 
whilst any lime in combination with phosphoric acid would remain as an insoluble 
sulphate, from the amount of which, when well-washed and dried, that of the phos- 
phate present in the soil admits of being calculated. 

After ammonia had thrown down the alumina, iron, and phosphate of lime, the 
alkalies existing in the ash would still remain in the solution. 

The latter was therefore again evaporated to di*yness, and the ammoniacal salts 
driven off. 

The residue was then treated with water, boiled and filtered, after which a solution 
of carbonate of ammonia, to which a little pure ammonia had been added, was intro- 
duced into the liquor that came through. The remainder of the earths were thus 
thrown down, and nothing remained in solution except the alkalies. After the am- 
moniacal salts had been expelled by heat, the mixed chlorides of potassium and 
sodium were separated in the usual way by chloride of platinum. 

Such then was the method pursued for determining the nature and proportions of 
those ingredients, which, if not available for the purposes of vegetation at the present 
time, may at least be regarded as likely to prove useful to them within no very distant 
period, as being separable, by dilute muriatic acid, from the mass of the earth. 

The soil of that part of the garden, in which the experiments above detailed had 
been conducted, varied in depth from three to four feet, and rested upon a stiff clay, 
of which the subsoil in the valley of Oxford consists, wherever it is not overlaid by 
gravel. 

It was chiefly made ground, brought in to elevate the level of the garden above 
that to which the contiguous river rises during the winter floods, and about a year 
antecedent to the commenoement of the experiments it had been manured with stable 
dung. 

I have already expressed ray regret, that no analysis was made of it until the pre- 
sent year^ at which time the experiments had been already brought to a close. 

In a neighbouring part of the garden, which appeared to be similarly circumstanced 
to that which had been set apart for the experiments, except that it had been recently 

* Journal of the Agricultural Society, vol. v. p. 617. 
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manured^ the ingredients of the impalpable portion of the soil, which had passed 
through the meshes of a fine sieve, were found by Mr. Way to be as follows : — 



Sand and clay • 
Organic matter 
Silica . . . 
Lime. . . . 
Peroxide of iron 
Alumina . . 
Carbonic acid . 
Sulphuric acid 
Chlorine . • 
Magnesia . . 
Potass . . • 
Soda. . . . 
Phosphate of lime 



Loss 

Coarse sand • . . 
Stones and pebbles • 



410-44 

103-96 

95-06 

139-53 

98-33 

35*60 

106-10 

1-82 

a trace. 

•46 

2-58 

1-18 

•73 

995-79 

4-21 

89000 

870-00 



2760-00 
The soil of the garden in which the experiments had been conducted was also sub- 
jected to a similar examination, the plot which had grown a crop of barley for ten 
yeai*s without manure having been selected. 
The following were the results : — 

Sand and clay. 
Organic matter 



Silica . . . 
Lime. . . . 
Peroxide of iron 
Magnesia . . 
Alumina . . 
Sulphuric acid 
Carbonic acid . 
Potass . . . 
Soda. . . . 
Phosphate of lime 
Chlorine . • 

Loss 



Coarse sand . . 
Stones and pebbles 



407-00 

7500 

1 09-20 

14417 

103-80 

•85 

25-00 

1-65 

125-69 

2-91 

•29 

•80 

a trace. 

3-64 

100000 
81000 
660-00 

2470-00 
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In another of the beds which had reared a permanent crop, viz. that of potatoes, 
the proportion of the phosphates, alkalies, and magnesia did not appear to vary much, 
the analysis of 1000 grains of the finer portion sifted, affording the following results : — 

Phosphate of lime . . . 0*86 

Potass 1-67 

Soda 0-27 

Magnesia 0*82 

The organic matter here was 53*00 

A third of the beds in the same garden, which had borne a crop of turnips for ten 
years, exhibited rather a remarkable anomaly, as the phosphates exceeded in quantity 
considerably that present in the contiguous garden, the results being as follows : — 

Potass, in 1000 parts . . 0*46 

Soda . 0*74 

Phosphate of lime . . . 1*62 
Organic matter . . . 110*80 

It will be seen, that the permanent crop of turnips in ten years would have extracted 
from the soil only 0*36 of phosphoric acid, whilst the barley in the same time had 
extracted 1 '84, and the potatoes 0*80 ; hence perhaps the difference in the quantity 
present in the soil. 

One only of the plots of ground, which had grown a succession of different crops 
for ten years without manure, was examined *", and the proportion of the above 
ingredients found in it appeared to be as follows, viz. — 

Potass in 100 grains . . 1*96 

Soda 1-12 

Phosphate of lime . . . 0*33 
Organic matter .... 76*50 

It will be seen from the table in the following page, that, taking as our standard 
the composition of the contiguous garden, of which the analysis is first reported, and 
in which the proportion of phosphoric acid would seem to be lower than it is in most 
of the plots of ground experimented upon, even after ten years* cropping without 
manure (judging from the few which were examined), a sufficient quantity of the 
above ingredient existed, to supply what would be necessary for nineteen crops of 
barley, of the same amount as the average of those obtained from the permanent bed, 
and of the same quality as that produced in 1844. 

* The crops were, barley in 1844, hemp in 1843, buckwheat in 1842, tobacco in 1841, parsley in 1840 and 
1839, mint in 1838 and 1837, parsley in 1836, and beans m 1835. 
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In the following Table the resales are all reduced to one standard. 

1000 grains of the soil. 









Permanent 




Bedirfaich 
had borne a 


logredienti. 


Contiffuoas 
garden. 


Permanent 


bed of 


Permanent 


raccftiaion of 




bed of bailey. 


potatoea. 


bedof tumipt. 


ten crops with- 












out manore. 


Stones and pebbles . . 


315000 


267-000 








Coarse sand .... 




322-000 


328-000 








Fine sand and clay , 




149-000 


165-000 








Organic matter . . . 




37-600 


30-400 


21-400 


44-8* 


31-000 


Silica, soluble . , 






54-400 


44*000 




1 




Lime 




» . 


50*500 


58-000 








Peroxide of iron 






35-500 


41-800 








Alumina, soluble . 






12-800 


10-100 






" 


Carbonic acid • , 






38-400 


50-500 








Sulphuric acid . . 
Chlorine .... 






0-660 


0-665 












a trace. 


a trace. 








Mafiiiesiat • • 






0-167 


0-344 


0-332 






Potass ..... 






0-930 
0-428 


1-180 
0-117 


0-640 
0-109 


0-186 
0-300 


0-790 
0-470 


Soda 






Phosphate of lime . 






0-265 


0-322 


0-346 


0-656 


0-133 








997*650 


997-428 









For one cubic foot of the soil of the garden was found to weigh eighty-two lbs., 
from which it follows, that an area of 100 square feet to the depth of three feet (which 
is less than the average depth of the soil in the garden), would contain 24,600 lbs. of 
soil, which at 1-0 gr. to 1 lb. of soil would give an amount of phosphoric acid equal 
to 3*5 lbs. 

Now it has been calculated (page 230) that the quantity of phosphoric acid extracted 
from the soil in ten years did not exceed 1-84 lb., so that the permanent bed of bariey 
which contains at present 0*8 of phosphate of lime, or 0-4 of phosphoric acid, wool 
not have possessed before the cropping more than 1 -26 of phosphate, or 0-63 of pho 
phoric acid, in the 1000 grains. 

With respect to the alkalies, we shall find by the same mode of calcnlatioii tl 
the medical garden contains in 100 square feet — 

lbs. 

Potass 6-9 

Soda 2-9 

And as each permanent crop of barley in the average extracted no more than 

Potass 0-436 

Soda 0064, 

(deduced from 1-18 of chloride of sodium) in 100 parts, there would be a su] 
potass equal to fifteen crops of barley, and of soda equal to forty-five crops. 

* Thus we perceive that a series of ten successive crops of turnips had added more organic matt 
soil than it had abstracted. See Boussinoault's late work, chap. vii. on the Rotation of Crops. 
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Here also we have reason to believe, that the soil of the experimental garden was 
richer than that upon which our calculations are founded, so that the falling-off of 
the crop cannot be attributed to any actual deficiency either of alkali or of phos- 
phoric acid in the soil. 

The amount of magnesia in the soil was also very small, not exceeding 3*8 lbs. to 
the 100 square feet. 

This however would have been sufficient for thirty-four crops of barley, according 
to the estimate given (in p. 230) of the quantity taken up by the crop in ten years. 

When, however, we proceed to inquire into the quantity of these ingredients, which 
are at the particular moment in a condition to be taken up by the spongioles of the 
roots, we find the case very different. 

I have already pointed out, that, with a view of imitating nature as nearly as pos- 
sible, water impregnated with carbonic acid is a preferable solvent to muriatic acid, 
since it may be presumed, that what is not extracted from the soil by a sufficiently 
large amount of the former, is not in a condition to be readily assimilated by the 
plants that grow in it. 

I therefore took sifted portions, each weighing 5 lbs., of the soil, from the part of 
the garden contiguous to the scene of my experiments, as well as from several of the 
plots which had grown either the same or different crops during ten years without 
the addition of manure, and having introduced them into earthen pots, with a bole at 
the bottom covered over with a piece of wire gauze fine enough to prevent the earth 
from falling through, I added to each a known quantity of distilled water which had 
been saturated with carbonic acid gas. 

After a certain amount of the water had passed through, generally two quaits were 
taken and evaporated to dryness, after which the residuum was treated, in the first 
place with water, which took up the alkaline salts together with a little calcareous 
matter, and afterwards with muriatic acid, which dissolved the rest of the lime, 
whether in combination with carbonic or with phosphoric acid. 

Having got rid of the earthy matter from the aqueous solution by means of oxalate 
of ammonia, the alkalies remaining were converted into sulphates, heated and 
weighed, after which the nature of the alkali, combined with the sulphuric acid, was 
determined by the usual method. 

The acid solution was then treated with ammonia, and the precipitate, when well- 
washed and dried, was set down as phosphate of lime, iron being rarely present, and 
never except in minute proportions. 

The following results were obtained, by operating in this manner on the soils enu- 
merated below, and, granting that objections may be raised against the precision of 
the method adopted, they at least suffice to show, that the ten years* cropping had 
reduced very materially the amount of matter immediately available for the purposes 
of vegetation, however little it appear to have trenched upon the latent resources of 
the soil. 

2 k2 
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Thus it is seen, that whilst the entire quantity of phosphate present in 100 square 
feet of the garden soil amounted to 4391 1 grains, or exceeded 6 lbs., and that of alkali 
(including both potass and soda) to 233,700 grains, exceeding 33 lbs., all that could 
be extracted from the same quantity of soil by water was, 7134 grains of phosphate, 
and an amount of alkali sufficient to produce 83,640 grains of sulphate. 

It appears, moreover, that, in the soils which had been drawn upon for ten years^ 
either by the same crop or by a succession of different ones, without the application 
of manure, whilst the actual amount of phosphate and of alkali was fully as great as 
in the other parts of the garden, the quantities extracted by water were many times 
less ; and although it need not be supposed, that what had been withdrawn by two 
quarts of water constituted the whole amount of these substances which was available 
at the time for the purposes of vegetation, yet it seems probable, that the facility with 
which the above ingredients were supplied to the plants, would bear some relation to 
the quantities taken up by the same amount of water from the different soils. 

Since, therefore, the amount of phosphates and of alkalies extracted by two quarts 
of water in these cases falls considerably short of the quantities of those ingredients 
required for an average crop of barley, such as that produced for ten years in succes* 
sion in the same soil, it may be fairly concluded, that the deficiency in the produce 
arose in part from a less ready supply of these constituents being provided, than 
would have been the case in soil newly broken up, or recently manured, where, although 
the absolute amount of nutritious principles may not be very different, the proportion 
of them in a state directly applicable to the uses of the plant will be much greater. 

This hypothesis however seems to me only to afford a partial explanation of the 
problem before us; for repeated instances occur in this paper, of two soils presenting 
no apparent difference in the condition of their ingredients as to solubility, and in 
other respects alike, which nevertheless have varied very materially in the amount 
and quality of their produce, according as the crop has been a permanent or a shifting 
one ; so that in these instances, the crop had extracted different quantities of phos- 
phates and of alkalies from two soils, both of which were capable of supplying them 
with these principles, vHth equal readiness, and in equal abundance. 

This circumstance might seem to favour the idea, that the quantity and condition 
of the organic matter present in the soil may exercise some control over the deve- 
lopment of the crop. 

Upon the whole, then, it must, I think, be admitted, on the one hand, that the 
quantity of inorganic matter brought into a soluble condition would, other things re- 
maining the same, be more considerable in proportion to the activity with which the 
processes of vegetation are carried on, inasmuch as those operations which resuh 
from the vitality of the plant, would facilitate that introduction of air and water into 
the body of the soil, by which a fresh portion of the above ingredients might be 
brought into a more soluble, condition — owing to the separation of the clods of earth, 
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caused by the fibres of the roots insinuating themselves amongst them — owing to 
water impregnated with carbonic acid, excreted by the extremities of the roots, 
which may exert its solvent power upon the principles contained in the soil — and 
owing to an imbibition, by the plants themselves, of the water surrounding them, 
which would cause a general movement and circulation in the fluid contained in 
all the portions of the soil contiguous. 

On the other hand, it would seem, that a dne supply of these necessary ingre- 
dients, already prepared and available for their purposes, would itself be likely to 
favour the development of the parts of the vegetable, and thus to cause a larger 
portion of such substances to be extracted from the earth, by the more vigorous 
action excited within the secreting organs themselves. 

These effects are so connected together, that it is difficult to pronounce which of 
them deserves to rank as the first link in the series. 

The only inferences, therefore, I could venture at present to deduce from the facts 
which I have laid before the Society, are as follows : — 

1st. That it is quite consistent with the general tenor of the preceding facts and 
observations, to maintain with Boussingault, that the falling-off of a crop is de« 
pendent upon a deficiency of organic matter proper to promote the nutrition of the 
plants, as well as upon a failure of its inorganic prtncipies ; not indeed that the 
organic matter enters, as such, into the constitution of the vegetable, biit that by its 
decomposition it furnishes it with a more abundant supply of carbonic acid and am- 
monia, which supply accelerates the development of its parts, and thus at once enables 
it to extract more inorganic matter from the soil, and enables the soil to supply it 
more copiously with the principles it requii*e8. 

Hence, perhaps, in part, the advantage of intercalating the Leguminosse and other 
fallow crops, which generate a larger amount of organic matter than the Cerealia, and 
which thus serve to enrich the soil by what they leave behind them. 

2ndly. That it by no means follows, because a soil is benefited by manuring, even 
though that manure may, as in the case of bones, guano, &c., derive its efficacy from 
the phosphates it supplies, that the soil is therefore destitute of the ingredient in 
question, since it may happen, that it possesses abundance of it in a dormant, though 
not in an immediately available condition. 

In these cases, in which the agriculturist has been assured by the results of actual 
analysis, that there is no real dearth of the principles essential to his crops in the soil 
which he is cultivating, but where he has ascertained, either by the chemical mode 
pointed out, or by an experience of the good effects brought about by manures, that 
the principles in question are not in a state to become immediately applicable to the 
purposes of vegetation, three courses appear to be open to him: — 

1st. To apply a sufficient quantity of the same materials in a state In which they 
can be absorbed by the plants without delay ; 2ndly, to allow the ground to remain 
fallow, by which expedient time is allowed for a further decomposition of its mate- 
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rials, and for a renewed extrication of its useful ingredients, to take place ; 3rdly, to 
produce by the various metbods in daily use, such a stirring and pulverization of 
the ground, as may admit of a more thorough admiwion of air and moisture, and 
consequently accelerate the process of disintegration in a greater degree than would 
take place under natural circumstances. 

Examples will occur to every one of the successful adoption of each of these three 
practices : of the first, in the ordinary process of manuring, and especially in the be- 
neficial consequences resulting from the use of bones in the exhausted pastures of 
Cheshire and other similar localities ; of the second, in the system so general in the 
early stages of agriculture, of allowing land to remain at rest for a certain period 
with a view of restoring to it its exhausted powers, — a method which would be ab<« 
surd, if the alkalies, phosphates, and other of the more scanty ingredients were ab- 
solutely deficient, but which would be likely to prove efficient, if they were only 
locked up within the recesses of the soil, and required time to render them active ; 
of the third, in the practice resorted to by Jethro Tcjll, who boasted that he could 
realize an abundant crop year after year without manure, provided the ground were 
only stirred and broken up sufficiently, — a statement which seems confirmed, by some 
of the results of spade husbandry, and in a certain degree 1^ those detailed in this 
paper, with respect to the permanent crops which are herein mentioned as having 
been made the subject of experiment. 

The choice between the above three methods will of course be determined in each 
instance by a balance of economy, and although in general this latter consideration 
will incline the farmer to prefer the ordinary method of manuring, either to the 
sacrifice of a year's produce, as in the second method, or to the expenditure of labour 
required to put into practice the third, still there may be cases whei'e it might better 
answer bis purpose to resort to one or other of them, either as being more advan-> 
tageous in itself, or more suitable to the circumstances of the case. 

At any rate it may be important for him to be assured, that at the very time he is 
ransacking the most distant quarters of the globe for certain of the mineral ingre- 
dients required for his crops, he has lying beneath his feet in many instances an 
almost inexhaustible supply of the very same. 

For there seems no reason to doubt, that the whole mass of rock, which comtitutes 
the subsoil in the secondary and tertiary districts of this country, is as rich in phos- 
phates and in alkalies, as the vegetable mould derived from its decomposition ; and 
although the soil, in which the experiments in my garden were conducted, possessed 
a depth nearly three times as great as the average of those in which farm produce is 
generally raised, yet on the other hand, the amount of phosphates and of alkaline 
ingredients reported to be present in them, appears in many instances greater than 
that determined in the case before us. 

Thus Dr. Urb* gives an analysis of a soil in the parish of Horncburcb, £ssex, 

* Journal of the Royal Agticaltund Society. 
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which contained four grains of phosphate of lime in 1000 grains, whereas ours scarcely 
exceeded one-fourth of a grain in the same quantity ; and if the former be regarded 
as an exceptional case, I might refer to Sprengel, who states, that the per-centage 
of phosphoric acid in the soils he analysed varied from 0*024 to 0*367 ; and of the 
subsoil from about 0007 to 0*2. 

I detected many years ago phosphate of lime in several secondary limestones 
chiefly from the oolitic formation, and Mr. Schweitzer of Brighton has determined 
the proportion of that ingredient- in the chalk near Brighton, to be not less than one 
grain in the 1000. We need not therefore resort to South America for bones, if 
means could be found for extracting this ingredient economically from the rocks of 
our own country. 

3rdly. These facts place in rather a new light, although one, it is conceived, not 
less striking than before, the importance of taking care of the various excrementitious 
matters at our disposal, whether proceeding from animal or from vegetable sources. 

Such substances indeed contain the products, which nature has« with so large a 
consumption of time, and by such a number of complicated operations, elaborated 
from the raw material contained in the soil, and has at length brought into the con- 
dition, in which they are most soluble, and therefore best fitted to be assimilated by 
the organs of plants. 

To waste them, is therefore to undo, what has been expressly prepared for our use 
by a beautiful system of contrivances, and to place oui*selves under the necessity of 
performing, by an expenditure of our own labour and capital, those very processes, 
which nature had already accomplished for us, without cost, by the aid of those 
animate or inanimate agents which she has at her disposal. 

4thly. The analyses above reported may suggest caution as to the inferences which 
some might be disposed to deduce from certain researches lately announced, with re- 
spect to the power which a plant possesses of substituting one alkali, or one earth, 
for another, in the processes of vegetation. 

This substitution indeed, however brought about, is a fact which hardly admits of 
being questioned, supported as it is by the testimony of men so eminent as Saussure 
and as Liebig, and indeed many of the analyses detailed in this paper might be ap- 
pealed to in corroboration of its truth. 

Thus we find, that whilst the amount of bases agreed pretty nearly in the three 
crops of the same plant which had been analysed, the proportions between them 
often varied considerably. This is particularly seen in the case of the lime and mag- 
nesia, the deficiency in one of these earths being often made up by an excess in the 
other. 

. In like manner a deficiency of potass is found to be compensated by an increased 
amount of soda, and the same remark seems to apply to the acids. 
, Still we have not as yet sufiicient data for determining to what extent this ex- 
change of the usual ingredient for another can take place ; whether indeed the same 
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organ, or the same proximate principle belonging to the plant, may admit at all of 
this change in its constitution taking place; or if it can, in what degree the presence 
of this new principle may affect the healthy development of the vegetable. 

By turning to the Table which states the relative quantities of alkaline ingi*edients 
extracted from the different soils by water impregnated with carbonic acid, it will be 
seen, that in most of these the amount of soda predominated over that of potass, and 
yet the latter alkali was principally found in their ashes, an indication at least of some 
superior adaptation of potass to soda for the organization of plants *". 

Again, it is remarkable, that whilst in several of the soils soda appeared to 
exist in the form of a carbonate (since the quantity of chlorine was so small that 
only a minute trace of it was discovei*able in them), in many of the ashes of the 
plants, only as much soda was detected as would contain sodium equivalent to the 
chlorine present. 

Hence it would seem to follow, that common salt, when it acts beneficially upon 
land, does not assist the crop by virtue of the alkali it imparts to it, but in some 
other way, and that it is still questionable, at least in the case of terrestrial species, 
whether plants have the power of decomposing chloride of sodium, and of separating 
its chlorine. 

Lastly, the analyses contained in this paper may be of use at the present moment, 
by contributing to show, how much still remains to be done, befoi*e we can flatter 
ourselves at having attained any sure knowledge of the normal constitution of plants, 
and of the range of variation of which under natural circumstances it is susceptible. 
At a time when certain enlightened members of the Royal Agricultural Society 
liave prevailed upon that great Body, to devote a portion of their funds to the prose- 
cution of the chemical analysis of the ashes of vegetables, whatever tends to render 
more palpable the importance of such an investigation, may be of service, in aiding 
their meritorious efforts, to give a more scientific direction to the inquiries which such 
associations are intended to promote, and in vindicating the utility of the course 
which they have in this instance adopted. 

Now the facts and observations detailed in the present paper contribute in two re- 
spects towards this object, viz. by showing that the composition of the most commonly 
cultivated plants is still open to much, uncertainty; and 2ndly, by pointing out in 
what way an exact knowledge of their inorganic ingredients might aid us towards the 
solution of many important practical questions. 

I hope, it will not be attributed to any blindness on my part to the deficiencies and 
imperfections which exist in this paper, if I remark, that an investigation of a similar 
kind to the one herein detailed, if carried out on a more adequate scale, undertaken 
on ground more carefully selected, conducted with a more vigilant attention to all 
the minute circumstances which might influence the result, and accompanied by a 

* This is also shown very strikingly in a paper on the analysis of Fuci» read to the British Association at 
Cambridge, by Mr. ScewiiTZBa, in June 1845. 

MDCCCXLV. 2 L 
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regular series of analyses, both of the soil and of the crops, during the whole period 
of their continuance, would be of essential service in clearing up many points which 
yet remain open to investigation in agricultural science. 

My Memoir may serve also as a kind of illustration of that method of Scientific 
Book-keeping, which I proposed some time ago, at once as an useful exercise for the 
agricultural student, and as a means of introducing greater precision in the conduct 
of our experiments on this subject, and which I am therefore happy in having this 
opportunity of rendering more generally known. 
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VIII. jin Account of the Artificial Formation of a Vegeto-AlkaU. 

By George Fownes, Ph. D.y FM.S.y Chemical Lecturer in the Middlesex Hospital 

Medical School. Communicated by Thomas Graham, jEsq.^ F.R.S., 8gc. 

Received January 9, — Read January 23, 1845. 

A FEW months ago Mr. Morson very kindly put into my hands^ for examination, a 
quantity of dark-coloured, viscid oil^ amounting to six or seven ounces, which was 
said to have been produced by the action of sulphuric acid upon bran. The tarry 
appearance of the oil was evidently the result of oxidation, for the bottle in which it 
bad been preserved during a period of five years was very imperfectly closed, while 
a second and smaller portion, which had been kept in a stoppered bottle the same 
length of time, although dark in colour, was perfectly thin and fluid. 

A portion of the oil was introduced into a retort, together with a quantity of water, 
and the whole submitted to distillation ; water, accompanied by a heavy, pale-yellow 
volatile oil, came over. At the close of the process the retort was found to contain 
a solid^ pitchy residue, insoluble in water, but dissolved in great measure by caustic 
potash^ and again precipitable by the addition of an acid. 

The distilled oil, separated by a funnel from the water under which it rested, after 
having been left a few days in contact with fused chloride of calcium, was distilled 
alone in a small retort fitted with a thermometer, the bulb of which dipped into the 
liquid. A little water came over at first with the oil, but this quickly ceased to ap- 
pear, and then the temperature of ebullition remained quite constant to the close of 
the distillation, which was conducted nearly to dryness. It was inferred from this 
experiment that the oil was a single substance, and not a mixture of two or more 
different bodies. 

The water which came over with the oil in the first distillation contained a very 
considerable quantity of that substance in a state of solution ; it was strongly acid 
besides, from the presence of formic acid. 

The purified oil was next submitted to analysis in the usual manner^ by combustion 
with oxide of copper. The following were the results : — 

(1.) (2.) (3.) 

Oil employed .... 573 grs. 779 grs. 6*547 grs. 

Carbonic acid produced 1318 grs. 1774 grs. 12*64 grs. 

Water produced . . . 2*27 grs. 2'96 grs. 2*12 grs. 

Hence the composition in 100 parts *", nitrogen being altogether absent, — 

* The equivalent of carbon is taken throughout =s6. 

2 l2 



(2.) 


(3.) 


62- 11 grs. 


62- 1 4 gi-s. 


4-22 grs. 


4-24 grs. 


33-67 grs. 


33-62 grs. 
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(1.) 

Carbon 62-73 grs. 

Hydrogen 4*40 grs. 

Oxygen 32-87 grs. 

10000 10000 10000 

The formula CigHgOg, calculated to 100 parts, gives numbers almost coincident 

with the above, vise. — 

Carbon .... 6260 

Hydrogen . . . 4; 17 
Oxygen. . . . 33'33 

100-00 

The following is a summary of the chief properties of the oil : — 

When free from water and freshly rectified, it is nearly colourless, but after a few 
hours acquires a brownish tint, which eventually deepens almost to blackness; when 
in contact with water, or when not purposely rendered anhydrous, it seems less 
subject to change, and merely assumes a yellow colour. Its odour resembles that of 
a mixture of bitter almond oil, and oil of cassia, but has less fragrancy. The specific 
gravity of this substance at 60^ is 1*168 ; it boils at 323^ Fahr., and distils at that 
temperature without alteration. Cold water dissolves the oil in question to a very 
large extent ; by distillation, and fractioning the products, it can be again separated. 
In alcohol it dissolves with perfect facility. Concentrated sulphuric acid dissolves 
it in the cold with magnificent purple colour ; the solution is decomposed by water, 
with separation of the oil. If heated with the acid, it is charred and destroyed with 
evolution of sulphurous acid. Strong hydrochloric acid behaves in a very similar 
manner. Nitric acid, by the aid of a little heat, attacks the oil with prodigious 
violence, evolving copious red fumes, and generating oxalic acid, which appears to 
be the only product. 

Solution of caustic potash, in the cold, slowly dissolves the oil, forming a deep 
brown liquid, from which acids precipitate resinous matter ; by the aid of heat, the 
same change ensues very rapidly. Metallic potassium was found to be slowly acted 
upon by the cold oil, but on slightly elevating the temperature, an explosion took 
place, attended by a voluminous flame and a large deposit of soot, my hand being at 
the same time severely burned by a portion of the projected potassium. 

The most remarkable and characteristic reaction of this substance, however, is with 
ammonia. When placed in contact with five or six times its bulk of ordinary liquor 
ammonioey and left some hours^ it is gradually, but in the end completely converted 
into a solid, yellowish-white^ and somewhat crystalline mass, which is very bulky, and 
perfectly insoluble in cold water. It may be easily collected on a filter, drained from 
the ammoniacal mother-liquor, and dried in vacuo over a surface of oil of vitriol. This 
substance appears to be the only product of the action of ammonia on the volatile oil. 
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Portions of the new body, prepared in the manner above stated, and very carefully 
dried over sulphuric acid, gave the following results on analysis by combustion with 
oxide of copper. The proportion of nitrogen was determined by the excellent method 
of MM. Will and Varrbntrapp. 

(1) (2.) (3.) 

Substance employed . . . 7'94 grs. 6'37 grs. 4-195grs. 

Carbonic acid produced . 19'34 grs. 15-57 gi-s. 10'24 grs. 

Water produced .... 3*24 gre. 2-69 grs. 1-69 grs. 
Hence, in 100 parts — 

(1.) (2.) (3.) 

Carbon 66-65 grs. 6666 grs. 66-57 grs. 

Hydrogen 4'53 grs. 4-62 grs. 4*47 grs. 

Determination of nitrogen*: — 

(1.) (2.) . (3.) 

Substance employed . . . 6-02 grs. 4-65 grs. 4*45 grs. 

Platinum-salt obtained . . 10*10 grs. 7'62 grs. 7*17 grs. 

Per-centage of nitrogen . 10-58 10*54 10-16 

These results lead directly to the. formula C15H5NO3; when this is reckoned to 

100 parts, it gives — 

Clarbon .... 67*13 

Hydrogen . . . 4-47 

Nitrogen . . . 10-48 

Oxygen .... 17*92 y 

10000 
Hence it is clear that the solid substance is produced from the oil by the assimila- 
tion of the elements of one equivalent of ammonia, and the separation of those of 
three equivalents of water. 

Oil C,5He; Oelf solid CisH^NOa 

+ 1 eq. ammonia . H3N / l3eq. water. . . H3 O3 

C|5 H, NOe Ci5 H, NO, 

The new substance belongs in fact to the class of the amides ^ which it resembles 
in many important particulars, as will be more apparent in the sequel. 
. In the year 1841 Dr.SrENHousE-f* published an interesting paper on a peculiar oily 
matter, first noticed by Dobbbrbiner, which occasionally appears in very small 
quantity, in the preparation of artificial formic acid from sugar or starch, oxide of 
manganese, and dilute sulphuric acid, and to which he gave the name of artificial oil 
of ants. Dr. Stenhousb, in the investigation above referred to, succeeded in pre- 

* It may not be amiss perhaps to mention, that in the method adopted the organic substance is strongly 
heated in a hard glass tube with a mixture of hydrate of soda and quicklime. The whole of the nitrogen issues 
thence in the form of ammonia, and being condensed into hydrochloric acid, is afterwards converted into chlo- 
ride of platinum and ammonium, from the weight of which that of the nitrogen is easily calculated. 

t Philosophical Magazine for February 1841 ; also Annalen der Chemie und Pharmacie, xxxy. p. 301. 
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paring this substance at will^ and in sufficient quantity to serve the purposes of expe- 
riment ; he found it composed of carbon, hydrogen and oxygen, and, what appeared 
very extraordinary in such a body, the two latter elements were in the propoi*tion8 to 
form water. The analytical results, reckoned to 100 parts, were as follows : — 



Carbon . . 


(1.) 
. . 62-59 


(2.) 
61-87 


(3.) 
62-55 


Hydrogen . , 


, . 4-37 


4-37 


4-46 


Oxygen . . , 


. . 33-04 


33-76 


32-99 



10000 10000 10000 

These numbers agree very closely with those furnished by the assigned empirical 
formula C5 H2 O2. 

There could be but little doubt that the oil upon which I had been experimenting 
was identical with the substance above described ; its properties agreed on the whole 
pretty well with those assigned by Dr. Stbnhouse to his interesting product, with the 
exception of its extraordinary behaviour with ammonia, which seems to have escaped 
notice, probably from time being required for the production of the amide. To com- 
plete the identification, therefore, a small portion of oil was pi'epared, the process 
described and i*ecommended being closely followed. 2 lbs. of oatmeal, 2 lbs. of wnter, 
and 1 lb. of oil of vitriol, were well-mixed in a small copper still, and heated until the 
pasty mass became thin and fluid from the conversion of the starch into dextrine; 
the head was then applied and luted down, and distillation commenced. As soon as 
sulphurous acid began to appear, an additional lb. of water was introduced, and the 
distillation continued until that gas began to escape in large quantity. The liquid 
which came over was then rectified to one-half, the product neutralized with hydrate 
of lime to fix the sulphurous and formic acids, and again distilled, the firat third only 
being collected. A small quantity of heavy yellow oil was thus procured, and an 
additional portion obtained by again subjecting the watery liquid to distillation. So 
far as could be seen, this oil corresponded in every particular with that examined by 
myself; when put into solution of ammonia it formed in a few hours the charac- 
teristic yellowish compoimd, identical in composition and properties with that 
already described. 

The nature of the oil so far elucidated, it will be proper to return to the subject of 
the amide, or ammonia-compound, the latter term being however hardly applicable. 
The mode of preparation of this substance has been already described ; it is always 
produced when ammonia and the oil are brought into contact. It is very pale yellow, 
approaching to white, and nearly inodorous when dry and pure ; in cold water it is 
insoluble ; alcohol and ether, on the other hand, dissolve it freely. It may be 
obtained in tufts of small, short, acicular crystals, by allowing a hot, saturated 
alcoholic solution to cool ; or whiter and purer, by adding ammonia to a saturated 
aqueous solution of the oil, and allowing the mixture to stand several days. In 
chemical characters this amide much resembles the hydrohenzamide of M. Laurent, 
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obtained by putting pure bitter almond oil into solution of ammonia. It U slowly 
decomposed by boiling water, and even by boiling alcohol, into free ammonia and 
volatile oil, and very slowly suffers the same kind of decomposition by moisture at 
the common temperature of the air. When heated, it melts, inflames, and bums 
with a smoky light, leaving a small deposit of charcoal. Acids decompose it imme- 
diately ; a salt of ammonia is produced, and the original oil set free. 

The action of alkalies on this substance is very remarkable, and well deserves 
attention. When boiled with a large quantity of dilute solution of caustic potash, it 
dissolves without the least evolution of ammonia^ and the liquid deposits, on cooling, 
small, white, silky needles of a second new substance, having the same composition 
as the amide itself, but all the properties of a stable and exceedingly energetic organic 
base, possessing alkalinity, and having the power of forming with acids an extensive 
series of well-defined, and for the most part, crystallizable salts of great beauty. 

Portions of the new salt-base, prepared at different operations with the greatest 
care, were submitted to ultimate analysis by burning with oxide of copper as before, 
the substance being dried in vacuo over a surface of oil of vitriol ; the following 
results were obtained : — 



(1.) 

Substance employed . . 2*668 grs. 




(2.) 
3-985 


grs. 


(3.)» 

3-698 grs. 


Carbonic acid produced . 6'53 grs. 




9-74 


grs. 


9-06 grs. 


Water produced . . . 1'12 grs. 




1-63 


grs. 


1 -5 1 grs. 


Hence, in 100 parts, — 

(1.) 
Carbon. . . . 6675 




(2.) 
66-66 




(3.) 

66-82 


Hydrogen . . 4*66 




4-64 




4-53 


Estimation of nitrogen : — 

Substance employed. . 


(1.) 

3-79 grs. 




(2.) 

3*75 grs. 


Platinum salt produced 


6-12 


grs. 




6-11 grs. 


Per-centaere of nitrogen 1 


10-18 






10-28 



The isomerism of the two substances is seen to be most complete ; the numbers 
obtained by analysis absolutely coincide : and yet how discrepant their properties ! 

I am inclined to think that the nature of the isomeric change which the amide 
undergoes in presence of the alkali consists simply in a duplication of its elements ; 
at least, this is the simplest view that can be taken. It is besides the only product. It 
will be seen from analyses of the salts formed by this substance, that the proportion 
of matter t*equired to form a perfectly neutral compound with an acid, organic or 
inorganic, is expressed by the formula C^q H]2N2 05, which is the double of the anude 
C|5H^N03. But then, as the constitution of this latter substance must be to some 
extent uncertain, since that of the oil is also unknown, and the amide forms no com- 
binations, the above view must remain merely conjectural. 

* This specimen was prepared from the oxalate by precipitation by ammonia. 
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I pass now to a description of the properties of •the new salt-base, of its principal 
salts yet studied, and of the best method of preparation on a considerable scale. 

The substance itself crystallizes from boiling water in fine, soft, white, silky needles, 
much resembling those of cafeine, quite permanent in the air, and even in the dry 
vacuum. It has but little taste, although its salts are very bitter; they are far less 
so however than those of morphia, or of the bark-alkalies. It is inodorous. At a 
temperature rather below the boiling-point of water it melts to a heavy, nearly co- 
lourless, oily liquid, which on cooling assumes at first the consistence of a soft resin, 
but eventually becomes brittle and crystalline. When strongly heated in the air, 
the new substance inflames, burns with a red and smoky light, and leaves but very 
little charcoal. It is soluble in about 135 parts of boiling water, but after cooling, 
scarcely a trace remains dissolved. Alcohol and ether in the cold dissolve it with 
the utmost facility; the alcoholic solution deposits, on spontaneous evaporation, ex- 
ceedingly brilliant silky crystals ; the liquid has a great tendency to creep up the 
sides of the vessel. The alkaline reaction to test-paper, when dissolved in hot water 
or alcohol, is exceedingly strong and well-marked. Dilute acids dissolve this sub- 
stance with the utmost ease, becoming thereby completely neutralized, nnless era^ 
ployed in excess ; from these combinations the base is precipitated in an unchanged 
state, by the addition of ammonia or of a fixed alkali. A salt of the new base gives 
no precipitate with solutions of peroxide of iron, oxide of copper or silver, lime or 
baryta ; the hydrochlorate forms with corrosive sublimate, a white, and with chloride 
of platinum, a bright yellow, double salt. What is rather remarkable, it is not pre- 
cipitated to any extent by tincture of galls. So powerful are the basic properties of 
this alkaloid, that when boiled with a solution of sal-ammoniac, it decomposes that 
salt with evolution of ammonia and formation of a hydrochlorate. 

The salts formed by this curious body are exceedingly numerous, and would in all 
probability well repay a more extended investigation ; the few yet examined are the 
following: — 

Hydrochlorate. — ^This is easily prepared by dissolving the alkaloid in dilute, warm 
hydrochloric acid, to saturation. The salt, which is perfectly neutral to test-paper, 
forms tufts of fine, silky, acicular crystals, like those of hydrochlorate of morphia. 
It is very soluble in pure water, but far less so in an excess of hydrochloric acid. 
The crystals retain their brilliancy when dried in vacuo over sulphuric acid. An ana- 
lysis of this salt gave the following results : — 

(Carbon and hydrogen.) (1.) (2.) (3.) 

Salt employed ..... 5-856 grs. 5*435 gi-s. G'llSgrs. 

Carbonic acid produced . . 12' grs. 11-12 grs. 12-66 grs. 

Water produced . . . .' 2*49 grs. 2-27 grs. 2*56 grs. 

(1.) (2.) (3.) 

Carbon. . . . 55-89 66-62 66-97 

Hydrogen. ... 4-72 4'64 4-66 



FORMATION OP A VEGETO-ALKALI. 259 

6*027 grs. salt gave of chloride of silver 2*65 grs. = 10*67 per cent, oblorine. 

6*68 grs. salt gave of chloride of silver 2*92 grs. ss 10*60 per cent chlorine. 

6*147 grs. salt gave of double chloride of platinum and ammonium 8*24 grs. =8*46 
per cent, nitrogen. 

The formula C30 H12 Nj O5, HC1+2H0, reckoned to 100 parts, gives numbers 
closely agreeing with the preceding ; viz. 



Carbon . . . 


. . 55*81 


Hydrogen . . 


. . 4-65 


Nitrogen . . . 


872 


Chlorine . . . 


. . 10-98 


Oxygen . . . 


. . 19-84 



100*00 

When a solution of the hydrochlorate of the new base is mixed with one of bichlo- 
ride of platinum, an insoluble, or sparingly-soluble, bright yellow, crystalline preci- 
pitate falls, which is a compound of the twa bodies. It is blackened and decom- 
posed by boiling. When heated in the dry state, it melts, blackens, and swells up 
to a prodigious extent, evolving fumes of sal-ammoniac ; the incineration of the char- 
coal is slow and difficult. Examined by analysis, the double salt gave the following 

results : — 

Salt employed ...... 7'28 grs. 

Carbonic acid produced . . 10*16 grs. 

Water produced . . . . • . 1*97 grs. 

In 100 parts, — 

Carbon. 38*06 

Hydrogen. 3* 

16*43 grs. salt gave of metallic platinum 3*36 grs., or 20*45 per cent. 

The formula C30H12N2O5, HCl+PtCl^ calculated to 100 parts, gives — 

Carbon . . . . . 37*97 
Hydrogen • . . . 2*74 
Platinum .... 20*90 

Nitrate. — ^This is a very beautiful salt ; it forms hard, transparent, colourless, and 
very brilliant crystals, whose form yet remains to be determined. It is freely soluble 
in pure water, but very sparingly soluble in excess of nitric acid. The crystals 
effloresce and become opake in a dry atmosphere. In this state they contain 
CjoH^^NsOg, NO5+HO, as shown by the result of an analysis given below. 

Nitrate employed • • • 5*62 grs. 
Carbonic acid produced . 11*19 gris. 
Water produced . . , 2*02 grs. 

MDCCCXLV. 2 M 
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or, in 100 parts, — 

Carbon ........ 54*30 

Hydrogen 3-99 



The theoretical quantities 

Carbon 54*35 

Hydrogen 3*93 

Oxalates. — ^The neutral oxalate is a yery soluble salt, crystallizing, when the solu- 
tion is sufficiently concentrated, in tufts of fine needles, like the hydrochlorate. The 
binoxalate is very sparingly soluble in the cold, and crystallizes remarkably well 
when a hot saturated solution is left slowly to cool. It forms transparent plates, like 
those of oxalate of urea, which have a strong acid reaction when dissolved, and re- 
tain their lustre in the diy vacuum. This substance gave on analysis the results 
stated below, leading to the formula C3oH|2^2 06> 2C2O3+2HO. 

Salt employed .... 4*808 grs. 
Carbonic acid produced 10*05 grs. 
Water produced ... 1*76 grs. 

4*85 grs. salt gave of double chloride of platinum and ammonium 5*96 grs., or 
7*74 per cent, nitrogen. 

Hence, in 100 parts, — 

Carbon 5701 

Hydrogen 4*06 

Nitrogen 7*74 

Oxygen 31*19 

10000 

The theoretical numbers are — 

Carbon 56*96 

Hydrogen ....... 3*91 

Nitrogen 7'85 

Oxygen 31*28 

100 00 

The acetate is very soluble, and appai*ently uncrystallizable, or at least crystal- 
lizable with great difficulty. 

The following is an excellent and easy method of preparing the vegeto-alkali in a 
state of purity and whiteness. The amidey dried in the air, or better, over oil of 
vitriol in the vacuum of the air*pump, is thrown into a large quantity of boiling-hot 
dilute solution of caustic potash contained in a capacious glass flask placed over a 
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lamp or chauffer. After ten or fifteen minutes* ebullition the change is complete^ the 
great bulk of the new substance appearing in the form of a heavy^ yellowish oil, which, 
on the removal of the vessel from the fire, collects at the bottom of the flask, and on 
cooling, solidifies, while that which had been dissolved by the liquid crystallizes out. 
When perfectly cold, the whole is thrown upon a cloth filter, slightly washed with 
cold water, and then dissolved in a large quantity of dilute boiling solution of oxalic 
acid, the acid being kept in considerable excess. The liquid, filtered hot, deposits 
on cooling a large crop of crystals of the acid oxalate of the base, dark-coloured, 
however, and impure. The salt may then be collected on a cloth filter, slightly 
washed and pressed, redissolved in boiling water, and heated for a few minutes with 
a little good animal charcoal, deprived of its eai'tby phosphates^ &c., by washing with 
hydrochloric acid. The filtered solution now deposits the acid oxalate in a state of 
perfect whiteness and purity; from the pure salt the alkali may be obtained in 
crystals by solution in a large quantity of boiling water, addition of excess of ammo- 
nia, and rapid filtration at a high temperature. The crystals which form on cooling 
require of course washing with distilled water until all the ammoniacal and other 
salts are removed, and a portion of the alkaloid taken from the filter is found to leave 
no residue when completely burned op platinum. 

I am in great doubt as to the most appropriate names to be bestowed on these 
curious bodies, and this doubt will remain until more is known respecting the real 
origin of the oil. This substance has no apparent connection with formic acid, ex- 
cept the accidental one of contemporaneous production. It is allied in constitution 
to the sugar and starch series, inasmuch as it contains oxygen and hydrogen in the 
proportions to form water, and in properties to bitter almond oil and the essential 
oils in general. So far as my own experiments go, it seems to be produced most 
freely and in greatest abundance from bran, 1 lb. of that substance distilled with half 
its weight of sulphuric acid and 3 lbs. of water having yielded nearly a drachm of 
oil, while mere indistinct traces could be obtained from similar quantities of rice- and 
potatoe-starch. Under these circumstances, perhaps the name " Furfurol** (from 
furfur^ bran, and oleum) might be applied provisionally, and I am informed that this 
is the name which was proposed by the party who several years ago prepared a con- 
siderable quantity of the oil (a portion of which came into my hands, as mentioned 
at the commencement of this paper), and endeavoured to discover for it economical 
applications. 

The following, therefore, will be the provisional nomenclature: — 

Oil produced by the action of sulphuric acid on bran, &c., termed ^furfurol,*" 
Cj5 Hg Og. 

Product of the action of ammonia on furfurol, or " furfurolamide,'* CigHgNO,. 

Vegeto-al!<ali, ^^ furfurine,** produced by the duplication of the elements of furfu- 
rolamide, C30 H12 Ng Og. . 

2 M 2 
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In conclusion^ I beg to direct attention to the large and promising field of investi- 
gation offered by the study of the action of ammonia on the volatile oils^ and on 
other allied bodies. 



Middlesex Hospital^ 
Jan. 9, 1845. 



NoTB ADD£D during THB PRINTING. 



Since the preceding paper was read I have received a communication from the 
gentleman just referred to^ Mr. William Colby Jonbs^ late of Plymouth, who has 
directed my attention to an article in the Polytechnic Journal, April 1840, in which 
he has described some of the more important properties of the oil in question, and 
among others, its power of generating a solid compound with ammonia, which when 
distilled with dilute sulphuric acid reproduced the furfurol. Mr. Jonbs prepared 
furfurol on a very extensive scale from the waste ^' lignin,*" or bran, separated from 
wheat in the process of starch-making ; the details of the method however are not 
given, and there are no analyses of the products. I feel no hesitation in expressing 
my opinion that the honour of the independent discovery of this most curious body 
is justly due to Mr. Jonbs^ and it is much to be r^retted that it did not receive 
greater publicity. 

Aug. 12, 1845. 
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IX. On Benzotine^ a new Organic Salt-base Jrom Bitter Almond OiL 

By Gkorob Fownbs, Esq.j Ph.D., F.R.S. 

Received May d,— Read May 29, 1845. 

Ty HEN pare oil of bitter almonds is left some days ia contact with a strong solu- 
tion of ammonia, at the ordinary temperature of the air, it is slowly, but in the end 
completely converted into a white crystalline substance, insoluble in water, but 
readily soluble in hot alcohol. The solidification of the oil is complete, and theri^ is 
no secondary product. This substance was examined by M. Laurbnt*, who con- 
ferred upon it the name of hj/drohenzamide, and assigned to it the formula C42 H|g N2 ; 
it is generated by the union of the elements of two equivalents of ammonia with those 
of three equivalents of hydruret of benzoyle, and the separation of six equivalents of 
water. 

3 eq. bitter almond oil . C42H13 Oel _ f Hydrobenzamide C42HigN2 
2 eq. ammonia H 5N2 J "" 16 eq. water ... H ^ O5 

^42**24^2'^6 C42**a4^2^6 

Acids decompose hydrobenzamide immediately, with separation of bitter almond 
oil and formation of salt of ammonia ; with alkalies the case is different, solution of 
potash, even at a boiling heat, occasioning, as remarked by M . Laurent, no percep- 
tible change. I found however that when the boiling was prolonged for some hours, 
a change was induced resembling that undergone by furfurolamide\ under similar 
circumstances. A few brownish crystalline flocks appear in the solution, and after 
cooling, the cake of resin-like substance is found harder and less fusible than hydro- 
benzamide which has been melted and left to solidify. This change is unaccompanied 
by any notable alteration of weight, although a faint odour of bitter almond oil is 
disengaged during the whole course of the ebullition. The new substance is an 
organic salt-base, having the same composition as hydrobenzamide itself; it might 
perhaps with propriety be called benzoline. 

The salts formed by this substance are for the most part remarkable for sparing 
solubility, with the exception of the acetate ; the hydrochlorate, the nitrate, and the 
sulphate are crystallizable ; the last-named salt is exceedingly beautiful, crystallizing 
from an acid solution in colourless prisms resembling those of oxalic acid. 

Precipitated by ammonia from a cold solution of the hydrochlorate or sulphate, 

* Ann. Chim. et Phys. 62, p. 23. t See preceding paper. 
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benzoline separates in white curdy masses, which when washed and dried diminished 
greatly in volume ; when quite dry the powder is singularly electric ; if rubbed with 
a spatula its particles repel each other with violence, scattering the powder over the 
paper on which it lies. It is not sensibly soluble in water, but dissolves with great 
ease in alcohol and ether. A hot alcoholic solution left for some time deposits the 
base in brilliant transparent colourless crystals, which apparently have the form of 
square prisms with variously-terminated summits ; the alcoholic solution is strongly 
alkaline to test-paper. At a temperature below 212^ benzoline melts, and on cooling 
assumes a transparent glassy state, without any tendency to crystallization. Heated 
in a retort, it boils and at length entirely volatilizes, with scarcely a residue of char- 
coal. Ammonia is disengaged during the distillation, a highly volatile oily liquid, 
having the odour of benzine, collects in the receiver, and a crystalline solid matter 
condenses in the neck of the retort. This latter substance, which seems to be the 
most abundant product, has been but partially examined ; it is described below under 
the name pyrobenzoline. 

The action of oxidizing agents upon benzoline is remarkable. When heated in a 
retort with a mixture of bichromate of potash, sulphuric acid and water, it is attacked 
with great energy, the mixture becomes dark green, and on distillation benzoic 
acid in large quantity passes over with the vapour of water. With nitric acid the 
same change seems to occur, but the action is not so definite and speedy. Hydro- 
benzamide, under similar circumstances, yields the same product, accompanied how- 
ever in the first part of the distillation by a little bitter almond oil. Melted hydrate 
of potash appears to exert no action on benzoline, unless the temperature be ex- 
cessive. 

The composition of this substance and its isomerism with hydrobenzamide, are 
shown by the following analyses : — 

(1.) (2.) (8.) 

Substance 4*018 grs. 4*03 grs. 4'67 grs. 

Carbonic acid produced . . 12"37 grs- 12'46 grs. 14'14 gi*s. 

Water produced .... 2*21 grs. 2' 18 grs. 2*52 grs. 

In 100 parts, — 

(1.) (2.) (8.) 

Carbon . . . 83-96 84-32 84-38 

Hydrogen . . 6-11 6-01 6'12 

The nitrogen was determined by the process of MM. Will and Varrentrapp, as 
below : — 

(1.) (2.) 

Substance 3-88 grs. 5*036 grs. 

Platinum salt produced . . . 6-57 grs. 7'28 grs. 

Per-centage of nitrogen . . . 907 9*12 
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Hydrobenzamide contains by calculation in 100 parts^ — 

Carbon 84-56 

Hydrogen .... 6*04 
Nitrogen .... 9*40 

10000 

Hydrochhrate. — The hydrochlorate of benzoline is a sparingly-soluble salt even in 
boiling water. It crystallizes from a hot solution in small but exceedingly brilliant 
colourless needles^ which effloresce in the dry vacuum. It has^ in common with 
the other salts^ an intensely bitter taste. The salt, deprived of its water of crystal- 
lization, gave the following analytical results : — 

(1.) (2.) 

Substance 4*25 grs. 4*458 grs. 

Carbonic acid produced 11*71 grs. 12*30 grs. 

Water produced ... 2*21 grs. 2*32 grs. 

In 100 parts,— 

(1.) (2.) 

Carbon 75-14 75*25 

Hydrogen 5*77 5*78 

Estimation of nitrogen and chlorine : — 

Substance 4*16 grs. 

Platinum salt produced . . . 5*17 grs. 
Per-centage of nitrogen . . • 7'83 

(I.) (2.) 

Substance 5*838 grs. 4*218 grs. 

Chloride of silver produced 2*32 grs. 1*76 grs. 

Per-centage of chlorine . 9*64 10*12 

The formula C42H18N2, HCl gives in 100 parts,— 

Carbon 7533 

Hydrogen 5*68 

Nitrogen 8*41 

Chlorine 10*58 

10000 

The crystallized salt was found to losie by efflorescence 2*4 per cent, of water, 
corresponding very nearly to one equivalent. 

The hydrochlorate of benzoline forms with bichloride of platinum an insoluble 
double salt of a pale yellow colour, not further examined. 

Nitrate. — ^The nitrate is even less soluble than the preceding salt ; the crystals are 
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small and have but little -brilliancy; they are permanent in the dry vacuum. A 
portion subjected to analysis gave the following results : — 

(1.) (2.) 

Substance 4*112 grs. 4*27 grs. 

Carbonic acid produced 10*51 grs. 10*91 grs. 

Water produced ... 1*97 grs. 2*03 grs. 

In 100 pat*ts, — 

(1.) (2.) 

Carbon 69*71 6968 

Hydrogen 5*32 5*28 

The formula C42H18N2, NO5+HO, gives in 100 parts,— 

Carbon 69*77 

Hydrogen .... 5*26 

The acetate is a very soluble salt ; it dries up, on evaporation, to a gummy adhesive 
mass, and probably crystallizes with difficulty, if at all. 

Pyrohenzoline. — ^This, as before observed, is the solid product of the dry distilla- 
tion of benzoline. It is pressed between folds of bibulous paper to free it as much 
as possible from oily matter, and then crystallized from boiling alcohol, in which it 
dissolves pretty freely. It is but sparingly soluble in alcohol in the cold, and appa- 
rently quite insoluble in water, dilute acids and alkalies. It is tasteless, and the 
alcoholic solution has little or no alkaline reaiction. At a high temperature this 
substance fuses, and with still further increase of heat distils ; it sublimes at a tem- 
perature below its boiling-point, the vapour condensing in feathery crystals like those 
of benzoic acid. Melted pyrohenzoline on cooling forms a mass of radiated crystals, 
presenting a great contrast to the glassy or resinous appearance of benzoline under 
similar circumstances. This substance was at first imagined to be a hydrocarbon ; 
it contains nitrogen, however, and gave on analysis the results stated below. 

(I.) (2.) 

Substance 4*295 grs. 3*46 grs. 

Carbonic acid produced 13*42 grs. 10*74 grs. 

Water produced . . . 2*08 grs. 1*71 grs. 

Hence in 100 parts, — 

(1.) (2.) 

Carbon 85*21 84*66 

Hydrogen 5*38 5*49 

Estimation of nitrogen : — 

* 

Substance 4*15 grs. 

Platinum salt produced . • • 6*00 grs. 
Per-centage of nitrogen . . . 9*11 
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These numbers lead to the formula C21 HgN, which gives in 100 parts^ — 

Carbon 85-1 

Hydrogen 5 4 

Nitrogen 95 

10000 



This, which appears to be a neutral body, together with its accompanying liquid 
product, deserves a more extended examination. 

The hope which I ventured to express in a former paper of the formation of new 
organic bases from the volatile oils which unite with ammonia, by subjecting their 
amides to the influence of agents, as caustic potash, capable of bringing about meta- 
morphosis of the compound into a more stable form or forms of combination, has 
thus been partially fulfilled. 



M. Laurent has recently announced the discovery of a new substance obtained 
from bitter almond oil, isomeric with hydrobenzamide, possessing basic properties, 
and corresponding in some other respects with benzoline ; it is stated however to be 
volatile without decomposition, which is certainly not the case with that body. 
The name amarine was conferred upon it*. The publication of the experiments in 
detail will probably determine the identity or separate nature of the two substances. 



* Comptes Rendus, xix. p. 353. 



Middlesex Hospital^ 
Mays, 1845. 
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X. On the Elliptic Polarization of Light by Reflexion from Metallic Surfaces. 
By the Rev. Baden Powell, M.A.^ F.R.S.j F,G.S., F.R.A.S., Savilian Professor 
of Geometry in the University of Oxford. 

Received April 24,~-.Read June 19, 1845. 

In a former paper, inserted in the Philosophical Transactions, 1843, Part I., I detailed 
observations on some phenomena of elliptic polarization by reflexion from certain 
metallic surfaces ; but with reference only to one class of comparative results. From 
these I have been led to pursue the subject into other relations besides those at first 
contemplated ; but, from various causes, have only been able at this interval to submit 
the results to the Royal Society as a sequel to my former observations. 

The changes in the degree of ellipticity, investigated in my former paper, corre- 
spond to certain changes in the thickness of metallic films. If we now consider the 
case of reflexion from a simple polished metallic surface^ and admit that in this case 
it may be supposed to take place by the penetration of the ray to a certain minute 
depth, or to some action of a thin transparent lamina of the metal, then, in like 
manner, — dependent on the law of metallic retardation, — the effect would vary with 
a difference in the effective thickness of the lamina, produced by changing the incli- 
nation of the incident ray ; and that this is the case in general is well known, viz. 
that as the incidence is increased, the ellipticity increases up to a maximum, which 
occurs for most metals at an incidence between 70^ and 80% beyond which it decreases 
up to 90''. 

The original researches of Sir D. Brewster*, to which we are indebted for the 
first investigation of these phenomena, afford a striking instance of the legitimate 
process of inductive inquiry in its first stage, in their total exemption from all refer- 
ence to any physical theory. In these researches, besides the change in ellipticity 
with the incidence, there is also included the change in the virtual plane of polariza- 
tion by metallic reflexion, which, though conjectured to be the same as that inves- 
tigated by Fresnel for transparent substances^, was only examined in detail at. 
incidences at or near that for the maximum ellipticity, to which the author's object 
immediately restricted him. But for a series of metals constant arcs were accurately 
determined :|;, which are the azimuths of polarization of the ray, restored to plane 
polarization after two reflexions from metal plates at the incidence for the maximum ; 
while the ellipse, from which the appellation of " elliptic polarization" was derived, 
is a purely empirical representation of the varjring arcs of incidence, considered as 

* Philosophical Transactioiis, 1S30, Part IL f Ibid. p. 292. . X Ibid. p. 294. 
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radii, for the second reflexion to restore plane polarization^ at all azimuths of the 
plane of second reflexion to the first. 

Though the subject of metallic reflexion is still in a condition of great obscurity, as 
to the mechanical causes to which its peculiar character is referrible, yet the applica- 
tion of the undulatory theory at least enables us to trace and connect some of its 
laws, and in the attempt to pursue such an application to some further relations, the 
nature of my researches may be briefly explained as follows : — 

1. So far as the objects of my former inquiry were concerned, it sufficed to take 
the formula there employed for the polarized rings in the simplified form resulting 
from supposing a common coefiicient to the two component vibrations ; the plane of 
original polarization inclined 45^ to that of reflexion, and 90^ to ttiat of analyzation. 
With reference however to some of the facts connected with observations at different 
incidences and azimuths of the polarizer, as well as on other grounds, it seemed 
desirable to genemlize that formula by removing the above-mentioned restrictions; 
and I have accordingly here given an expression for the rings in elliptic light of all 
degrees with general coefiicients, and for all positions of the polarizer and analyzer; 
which, though without difficulty deducible, has not, as far as I am aware, been stated 
by any writer. 

2. With respect to the general character of the rings, the slightest observation 
shows that the distinction between the dark and bright centred systems in plane 
polarized light, though modified, is not lost, in the lower degrees of eUipticity ; it dis- 
appears only when the light becomes perfectly circular; when the distinction is only 
seen in the changed direction of dislocation. 

When the plane of analyzation is inclined 45^ between the rectangular directions, 
and generally in intermediate positions^ the whole appearance is, as it were, distorted; 
the dark arcs nearest the centre are situated towards one end of the quadrants, 
instead of being in the middle; and in the succeeding rings, though less strongly 
marked, there is an apparent increase of intensity towards the same end of the qua- 
drant, owing to a general shade of darkness in the ground towards that side*. Of 
this appearance, though it must have been constantly seen, as far as I know, no ex- 
planation has been published. In circular polarization it does not occur. In plane 
polarized ring^ the analogous case is that of the well-known system of eight dislocated 
sectors ; which in ellipticity of lower degrees is combined with, and passes into, that 
just described. All this is expressed by my formula. 

3. The restoration of elliptic to plane polarized light by means of Fresnel*s rhomb, 
and the determination of the ellipticity by the azimuth of the rhomb, though an 
obvious process, yet has not^ as far as I know, been pui'sued for any series of metals. 
Such a set of observations I have accordingly made at the incidence for the maximum 
ellipticity, for a considerable range of metals, some metallic ores, and other reflecting 
substances. Also in a few principal cases I have made similar observations at other 
incidences from 80^ up to 30^, at which the ellipticity disappears. 

* See Plate IL fig. 3. 
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4. In these cases the metallic reflexion performs the part of the first rhomb in 
Fre8N£l*8 experiment with two. If I rightly interpret Sir D. Brewster's process 
for a similar restoration, before referred to, and if the two metal plates are analogous 
to the two rhombs, in the change of plane, which he so accurately determined, after 
the second reflexion, at the maximum incidence, we may infer a correspondence with 
that produced in the rhomb ; and that it is equal to twice the azimiUh of the rhomb. 
And in fact I find the results from two such different methods agree very closely for 
all the pure metals ; though for certain ores, very low in the scale, there are some 
discrepancies. 

There is also a close agreement between these results and the azimuths of the 
plane of the ray restored to plane polarization by the action of a crystallized plate, 
as given by the same author for some of the principal metals*, which confirms the 
same inference. 

5. The changes of plane for successive incidences are in general of a nature analo- 
gous to those in the reflexion from transpai'ent bodies, but not the same. 

At the incidence for the maximum, if the plane of the polarizer be first adjusted 
to give, e. g. the dark system, then on changing its plane to 45^, the analyzer, 
in order to restore what is analogous to the same, that is, the darkest system^ must 
coincide with the plane of incidence, or its azimuth is 0^, in exact agreement with 
what obtains both by theory and observation in the reflexion from transparent bodies. 

At greater incidences, to restore the same system, the analyzer must be moved 
through increasing arcs on one side of the plane of incidence, and at lesser incidences 
on the other, as for transparent bodies. 

Following up these latter, as the incidence is successively diminished, the azimuth 
of the analyzer changes in a manner obviously different from that which obtains 
for transparent bodies, though of the same general character : and the increase is 
slightly different for different metals ; but in all cases it approaches 45^ as the inci- 
dence approaches the perpendicular. 

In Jthese cases the azimuth of the polarizer remains at 45^ If it be changed, that 
of the analyzer presei*ves a constant relation. 

Though these observations are of an obvious nature, yet, as far as I know, none 
of the kind have been published for any series of metals. I have accordingly given 
such a set for various reflecting substances. 

But though apparently simple in principle, the process is troublesome in practice, 
and affected by various causes of uncertainty and difficulty. Some apparent anoma- 
lies, especially, which caused the arcs at small incidences to appear to increase 
beyond 45^, for a long time caused me much perplexity. 

The results however here offered, having been obtained with the use of every pre- 
caution, and being the means of a great number of repetitions, I trust, on the whole, 
may not be useless as a first attempt to determine these changes by direct observation. 

6. The ellipticity at different incidences cannot be deuced (except at the max« 

* Philosophical Trwisactioiis, 1S30, Pkurt II. p. Sll. 
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imum) from the rhomb observations without a knowledge of the change of plane: 
employing these latter data in combination with the former (3.), I have further 
estimated the ellipticity at different incidences for four principal metals. 

7* For the application of the undulatory theory to these phenomena, we ought to 
be able to assign the law of metallic retardation, but this has not yet been done. 
The theory as here given indicates the conditions of the maximum^ and shows in general 
a change, but not its amount. 

Professor MacCullagh has however proposed, in accordance with a remarkable 
mathematical analogy, certain modifications of Fresnel's formula, which he has 
i-educed to calculation in the case of steel. 

My theoretical formula gives rise to an expression for the change of plane, but in- 
volving undetermined functions of the retardation. On deducing the corresponding 
terms Jrom Professor MacCullagh's data y and introducing them into my formuluj I 
Jind it gives a very close representation of the observed results for steel. Thus Professor 
MacCullagh's empirical expression receives an additional confirmation in accordance 
with a direct deduction from the undulatory theory. 

The rest of this paper is devoted to the details of the observations, and of the ana- 
lytical investigation. 

Theoretical Investigation. 
(1.) The original vibration in a plane P being 

a sm — (v/— x), 

in general on reflexion in a plane R inclined to P by an angle I (R' being the plane 
perpendicular to R) it is resolved into 

aQo^li%\n — {vt—x) ... in R, 

2v 

a sin I sin — {vt — x) ... in R'. 

(2.) But in the case of metallic reflexion, one of these components is accelerated in 
phase by a quantity g, and at the same time for the greater generality, supposing the 
coefficients unequal, or changing a in the 2nd formula to 6, and writing for brevity 

a=acos^, |3=iisin|; 

after metallic reflexion the component vibrations will be 

a sin f-^ (v'— •^)) =^y 

^sin(^^{vt^x)+g)=R'. 

(3.) Here we may remark that these formulas give directly the equation to the elliptic 
vibrations, the ratio of whose axes is that of a to j3, which vary at different incidences 
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as well as with changes given to S ; or a and b are also functions of the incidence, or 

of f. When f=2 if a=|3 the light is circular; this is never the case in any metal at 

the maximum, though in some the ratio approaches it. For some other value of ^ we 
may have a=|3, but this does not give circular polarization. When {>=0 the same 
formulas give the inclination of the plane of the rectilinear vibrations*. 

(4.) On interposing a plate of crystal cut perpendicular to its axis, for any plane Q 
in the crystal passing through the axis, inclined to R by an angle p, and to which Q' 
is perpendicular, we have the vibrations 

R resolved into I ^^'"^'"^^ 

L R COS ^ in Q. 

R'resolvedintol^'^^^?*"'^^' 

I R' sin (p in Q. 

(5.) And on the general principle of resolution (observing that the resolved parts 
in one of the planes will be opposed), we have 

R'sin^+Rcos^=Q 
R'cos^-Rsin^=Q'. 

The vibrations in Q' form the ordinary ray O, and those in Q the extraordinary E. 
But after emergence the vibrations in Q are all further accelerated by d, or become 

asinT— (v/— x)+tfj, 



(6.) Thus we have 



|3sin(y(t;/— :c)+f+^)• 
(3sin^— (v/— x)+f) cos^ 
—n^\n(—{vt'^x) \ sin^J 



=0 . . . in Q*. 



/3sinry(i;/— x)+f+tfj sin^l 

>=£..• in Q. 
+a%m('^(yt^x)'\'6 j cos^ 

(7.) Now if the analyzer be applied with the plane of analyzation A, inclined to R 
by an angle %, we shall have the angle AQ=%//=x~^> ^^^ AP=3^+5. 

The vibrations being again resolved in A and A' perpendicular to it, we find 

O resolved into 1^"°^'"^' 

L O cos %// in A. 

, J . . f Ecos%//inA' 
E resolved mto < ^ . , . . 

t£sm -^/zinA. 

After analyzation the parts transmitted are those only in A, or 

Ocos-^l/— Esin%//. 

* See my Treatise on the Undulatoiy Theory, &c., p. 12. 
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(8.) On snbstitutiDg the values of O and £^ and arranging the terms, this is reducible 
to the form 



where 



n sin^y {vt'—x)j + K cos(-:^{vt-'X)\ 



and 



j3 cos (p cos i// cos f — a sin (p cos -4/ 
— 13 sin ^ sin y^ cos g cos 6 
+i3 sin ^ sin y^ sin g sin 6 
— a cos ^ sin -v/zcostf 



^=H, 



=K. 



|3 cos (p cos yp sin g 

— 13 sin (p sin yp sin g cos tf r 

— 13 sin ^ sin i^ cos f sin tf [ 

— acos^sin '^/sintf j 

Then, since the intensity I at any part of the image is expressed by 

I=H2+K2, 

(9.) Squaring these quantities H and K, and taking the sum, after reduction, we 
ultimately find for any value of x, or position of the analyzer, 

(|32 cos^ ^+a2 sin^^) cos^'\|/ 
+ (|32 sin^ ^+a2 cos^^) sin^-^ 
!=•«( — a|3 sin 2^ cos 2-^ cos f 

— a|3 cos 2^ sin 2'\|/ cos g cos 6 
^ — a|3 sin 2-^ sin g sin tf. 

(10.) Or, in order to see the consequences of changing the position of the analyzer, 
or the arc %, we must introduce it by substituting for ^ its value ^=^— i//, 

r {a? sin« (x—-^) +(i^ cos^ (5^— ^|;))co82 yl 
+ {cfi cos^ (%— 4')+i32 sin2 (x- •v|/))sin2 -^z 
1=-^ —aj3 cos 2-^1/ sin 2(%—'^|/) cos f 

— a(3 sin 2-^1/ cos 2(%— -^1/) cos f cos t 
^ — a/3 sin 2yp sin f sin tf. 

(11.) On expanding and reducing this becomes — 

(a^ sin2 5^+j32 cos2 ;^) cos^ -^1/ .... 1. 

+ (a2sin2;^-|-j32cos2 5^) sin^i^ .... 2. 

+2(a2cos2x+/32sin2x)sin2 2^|.. ... 3. 



1=^ 



— -(a^— /32)8in2xsin2%//cos2%// ... 4. 

— aj3sin2%cos2 2i^cosf 5. 

+ aj3 cos 2x sin 2%|/ cos 2%// cos f .... 6. 

— a/3 cos 2x sin 2-^1/ cos 2-^1/ cos f cos tf . . 7- 

— a/3 sin 2% sin^ 2yp cos g cos tf . . . . 8. 
— a/3sin 2'v|/sin£»sin^ 9. 
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(12.) This formula is general for all positions of the polarizer and analyzer^ and 
for light of all degrees of ellipticity. If we bad taken (as in my former paper) 
'4^=(45— ^), and at the same time supposed a=|3=l (which is equivalent to the as- 
sumption then made for simplification), the formula (9.) would become at once the 
same as in that paper. 

The first terms independent of 6 express the intensity of the ground on which, as it 
were, the rings are formed : those involving g vary with the incidence or degree of 
ellipticity: those involving tf give the rings; the last only being retained when the 
ellipticity is a maximum, and disappearing for plane polarization at the incidence 0. 

From these formulas we at once trace all the well-known phenomena of the rings 
in plane and elliptic light, by following the changes in formula (9.) on advancing 
into the adjacent quadrants, or supposing i^ to become i//+90, and by consequence 
changing also ^ into ^+90; which gives a change of sign in the terms involving 
sin 2%//, cos 2'(|/, sin 2^, cos 2p. 

Again, with regard to changes in the analyzer, it is evident that whatever be the 
value of % if we increase it by 90°, we shall have to substitute in (10.) cos (x— •^) for 
sin (%—• ^|/) and vice versd ; as well as — sin 2(x— -^1/) for sin 2(x— i^), and — cos 2(x— ^/') 
for cos 2(%— %//), or, on the whole, the expression is obviously complementary, except 
the last term. 

(13.) In any case on giving successive values to \|/ round the rings, at those points 
where the sines or cosines vanish, the disappearance of any term when accompanied 
by a change of sign indicates (so far as that term. affects the total intensity) a change 
from dark to bright at that point, or a complementary character in the adjacent por- 
tions of the image ; when without a change of sign it indicates a simple maximum or 
minimum of light, in the rings or in the ground, according as the terms affected in- 
volve or not ; and for light of different ellipticities according to the value off. 

Thus for the values of % in general, in (11.) — 
At %^=0. or 90^ 

terms 1, 2, 3, for the firroundl ,. . , , ^ . 

_ ^ , . > disappear without changre of sign. 

8, for the rings J *^*^ & & 



At >|/=45, 



4, 6, for the ground \ ,. ... -. . 

^ ^ ^ , . > disappear with change of sign. 

7, 9, for the nngs J o o 

5, for the ground, disappeai*s without change of sign. 

4, 6, for the ground "j ,. -.u u r • 

^ ^ ^, . > disappear with change of sign. 

7, for the rings J ^*^ & & 



ings 

In general then there are dislocations of the rings^ with more or less complete com- 
plementary changes in the ground both at the quadrants and half-quadrants. 

At the maximum ellipticity, since terms 5, 6, 7^ 8 disappear, there are disloca- 
tions only at '4/=0, with a change in the ground at '4/=45, or a gradual decrease of 
brightness from one end of the quadrant to the other, which is exactly the appearance 
observed. In plane polarized light we have the system of eight dislocated sectors, 

MDCCCXLV. 2 o 
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intermediate between the dark and bright systems. In the lower degrees of ellipti- 
city this is modified by, and passes into, that just described. 

(14.) We may illustrate the application of the formula by one or two particular 
cases : — 

1 St. If we suppose at some incidence a=/3 while f -^g, then %=45*' will give branches 

with dislocation at yp=0^, but none at •^=45^; that is the nearest approach tx> the 
dark systeia. This agrees with formula (15.), where in this case I is a minimum 
when ^=46°, also with (18.). 

2ndiy. On the same supposition %=0 will give complementary changes both in 
the ground and in the rings at%//=0, and similar changes, though less conspicuous^ at 
4f=45 ; that is the intermediate system. 

3rdly. For the general values of a and /3 at the maximum cos f =0 ; and %=0 gives 
branches with dislocation at '^|/=0, but no change at •v|/=:45^; or the darkest system. 
But %=45° will give (since a>/3) a complementary change in the ground at 'v//=46**, 
and branches with dislocation at «i//=0 ; or the distorted system. 

But if in this case a=/3, or the polarization be circular, the term (4.) disappears, 
and there is no distorted system in any position of x- 

Observation shows this to be the case in perfectly circular light, and very nearly 
so in the higher degrees of ellipticity. 

(16.) For the bmnches, when •^|/=0, for % in general we have 

I = a2 gin2 5^-f /32 cos^ % — a/3 sin 2^ cos f . 

Hence, on making successively cos £^=1, cos f=0, cos ^= — 1, &c., it is obvious 
that the intensity of the branches for the maximum ellipticity would be a mean be- 
tween that in the dark and bright systems of plane polarized light if a and /3 were the 
same in the respective cases, which we shall see is the case ; at all events, this relation 
of the intensities agrees with observation as far as the eye can judge. 

(16.) Again, for the maximum ellipticity, 

I=^+(a2«^)8in2x, 

which can never be =0 ; or the branches are never absolutely dark ; but it is evidently 
a minimum when x=0, and a maximum when %=:90^, in which cases respectively 
I=j3^, or I=a^. If the polarization were circular these values would be equal, or 
the brightness the same in all positions of the analyzer. 

(170 P^^ incidence 0^ the expression (15.) being made =0, or, 

I=:cfi sin^ %+/3* cos* %— 2aj3 sin % cos x=0, 
we have for the position of the analyzer for absolutely dark branches, as in (3.), 

a sin X— /3 cos x =0, 

or tan %= - tan g. 

Sv 
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But observation shows in this case that tan %=45'' when 1=46'' in all instances, 
hence for incidence 0° a=b. 

(18.) More generally, differentiating (15.) in respect of Xi we find for any given 
value of J', that is of a and /3, the value of % for the minimum, or darkest branches, 

^ 2«j3 cos p 

tan2x=- ^9-^/ > 
or we might deduce directly 

Hence we may make the same inferences as before. 
And if when cos f=0 we have also a=/3, or circular vibrations, it is worth while to 

observe that there results 


tan 2%= ^. 

But in general for the change of plane, or of %, this formula does not assign any 
precise values, since the form of the function of ^ involved in a and /3 is unknown. 

(19.) In the absence of any theoretical law I have had recourse to the empirical 
modification of Fresnel's formula proposed by Professor MacCullagh *. And avail- 
ing myself of the computed values which he has given, in the case of steel, for the 
coefficients of the component vibrations a a' (assuming a'=/3 in my notation) and the 
retardations I V (where i—V=g in my notation), I have deduced the values of the 
product a a!, of a^— a'^, and of cos f, and introducing these in formula (18.)} I find 
the resulting values of x ^^ close agreement with those given by observation. The 
elements of this computation and its results are exhibited in Table IV. 



Apparatus. 

The general principle of my apparatus will be apparent from the nature of the ex- 
periments, but it may not be superfluous (especially for those who may wish to pursue 
similar observations) to annex an Qutline of the construction, which, after trial of 
various forms, I have found best to unite the requisite conditions for the purpose in 
view; while it is readily convertible into an ordinary polariscope; besides admitting 
of the addition or substitution of other parts, when required, for differient objects. 

The accompanying Plate II. fig. 1 gives a general view of the arrangement and 
will sufficiently explain itself: the polarizing part (P) contains a Nicol prism which 
can be turned in azimuth, measured by a graduated circle ; a condensing lens (L) is 
also attached to it. 

The analyzing part (A) contains in the eye-piece (E) a lens, a calc-spar, and a tour- 
maline ; and bears a graduated circle, on which the azimuth of analyzation is read off. 

The metal under examination is placed on the support (R), which can be raised or 

* Reports, Royal Irish Academy, October 1836. 
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lowered as required ; and should be capable of a slight inclination for better adjust- 
ment. 

The middle part or hinge (M) is surrounded by a graduated vertical circle^ by 
which the parts (P) and (A) can be set at any angle to each other: they are attached 
to it by projecting arms : the whole is moved by the joint (K) till the reflected light 
from (R) comes distinctly to the eye through (E), when (it is easily seen) the angle 
of incidence will be half that measured on (M). 

The zero of (M) is found by adjusting (P) and (A) with their axes in one line (or 
reducing the instrument to an ordinary polariscope) . The hinge should be capable 
of being firmly clamped. 

In observations at very great incidences it will be easily seen to be necessary to 
have the arms carrying (P) and (A) so fixed, that when the axes of the tubes are 
brought into one line there shall be a considerable space between their inner ends : 
there should be also a slight motion about the axis of the arm for adjustment in (P). 

In observations at very small incidences, it is most convenient to throw the light 
on to (P) by means of a small mirror placed in a proper position. 

Fig. 2 represents the mode of applying the Fresnbl rhomb (F) to the analyzing 
part, the rest of the arrangement remaining the same. The eye-piece (E) is removed 
to a cap on the top of the rhomb ; while the bottom of the rhomb is attached to a 
short tube, which fits into the aperture before occupied by the eye-piece. 

Fig. 3 represents the appearance of the rings in elliptic light when the analyzer 
is at 45° between the dark and light systems. 

Observations. 

The determination of the precise position of the analyzer at which the maximum 
or minimum brightness is attained^ is from the nature of the case open to consider- 
able uncertainty. But the intervention of the ringSy instead of using the simple ana- 
lyzer, affords some aid in this respect, since the change in the nature and form of 
the rings offers a more ready guide to the eye ; especially in elliptic light, where there 
is never a total evanescence. Still the undefined nature of the object observed pre- 
cludes minute numerical accuracy, and the results in the following tables must be 
regarded as no more than approximations, though derived from the means of a great 
number of repetitions. In taking these means, I have omitted fractions of a degree 
as bearing an appearance of accuracy quite illusory. 

The greatest care is necessary in the adjustments, especially of the polarizer. They 
were remade for each set of observations. That for the polarizer to obtain the zero 
or coincidence with the plane of reflexion, was found by varying the azimuth till the 
light was perfectly restored to plane polarization ; the analyzer being in the position 
for dark branches, the zero of its circle was determined at the same time. 

In the observations at different incidences, in order to secure the constancy of Its 
inclination to the plane of incidence, the polarizer was adjusted to zero before obser- 
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vation at each incidence. For some of the ores, &c. which reflect but little light, 
the arcs must be taken as mere estimations. I have found some peculiar discord- 
ances between different sets of observations, especially in silver and copper : those 
given are the means. 
The observations here annexed in a tabular form consist of, — 
1. Those with Frbsnel's rhomb for ascertaining from the azimuth (7) for the re- 
storation of plane polarization, the ellipticity at the incidence for the maximum ; or 

«■"■'"« . = (5).=,an y,. 

These results for the principal metals and other substances are seen in Table I., 
columns 3 and 4. 

Again, in the observations with the rhomb at azimuth y, the plane of the emergent 
ray is inclined by 2 7 to the original plane. In Sir D. Brewster's experiments with 
two metal plates it is inclined 45-f-^« The results are here compared in columns 
1 and 2, and sufficiently show that we have 

454-9 

for all the pure metals. 

Also we may remark, that Sir D. Brewster's empirical ellipse has the ratio of its 
axes determined by sin 2 ^, and is therefore different from the undulatory. 

The same author also gives* the azimuths of the plane of the ray restored to plane 
polarization by a crystallized plate for several metals, as follows : — 



Pure silver . . . 42*^ 

Copper . . . . 36'' Sfy 

Mercury .... 35° 

Platinum .... 34° 



Speculum . . . 32° 

Steel 30° 30' 

Lead 26° 

Galena . . . . i;"" 30* 



In each instance it will be seen (on comparison with Table I.), that as nearly as 
possible the arc = — — ; with the exception of galena. 

2. Observations for the values ofx ^^ successive incidences, while i remains at 45°. 
These series of arcs are given in Table IL, column 1, for the two metals of greatest 

and least maximum ellipticity and two intermediate ; and in Table III. for a number 
of othei-s. 

3. Observations for the ellipticity at different incidences. 

In general the ellipticity is measured by the inclination of the rhomb (y) to the 
plane of previous polarization. 

For the maximum ellipticity, since 5^=0, it follows that y is correctly measured 
from the plane of reflexion. But at other incidences y must be corrected by the 
change of plane of polarization due to that incidence, or we must take (7 — x). 

In Table II. (columns 2 and 3) are given the observed values of 7 for four principal 

• Philosophical Transactions, 1830, Part II. p. 311. 
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metals at different incidences, and the corresponding ellipticities (i) or tan (y— x). 
These results give on the whole a view of the changes of ellipticity agreeing with the 
general appearance of the rings ; though in copper the diminution appears too rapid. 

Table I. 



Metal. 



Values of f 
(Brbwstbb.). 



Silver, pure 

Silver, common .... 

Gold, pure 

Gold, common 

Brass 

Copper 

Mercury 

Platinum 

Palladium 

Speculum 

Bismuth 

Zinc 

Steel 

Iron 

Antimony 

Lead 

Tinned plate 

Plated copper 

Iron pyrites 

Galena 

Specular iron ore. . . . 
Tempered steel, yellow 
Tempered steel, blue . 

Plumbago 

Decomposed glass . . 



o / 

39 48 

36 

35 

33 

32 

29 

26 
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Postscript. 

Received May 8, 1845. 

Since the foregoing paper was communicated I have obtained some additional in- 
stances of elliptic polarization, which may be not uninteresting in connexion with 
those therein mentioned. 

Besides plumbago (in which the proportion of metal present is at least very vari- 
able and small) I have now observed a slight, but quite unequivocal eliipticity in the 
reflexion from China inky which is wholly non-metallic. It is at its maximum at an 
incidence of 62^ and its azimuth of restoration by the rhomb is about 5^ 

I have examined also chromate of lead, which gives very small eliipticity, which is 
at a maximum at an incidence of 70^ (agreeing well with the mean refractive index), 
and the azimuth of the rhomb is about 6^ 
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XI. Electro-Physiological Researches. — First Memoir. The Muscular Current. 

By Signer Carlo Matte ucci, Professor in the University of Pisa, 8fc. 8^c. 

Communicated by Michael Faraday, Esq., F.R.S., Sgc. 8fc. 

Received May 7, — Read June 5, 1845. 

My only resource for showing the Royal Society how grateful I feel for the distinc- 
tion lately accorded to me, is the communication of some fresh researches on electro* 
physiological phenomena. 

The exposition of these researches will form the .subject of the present and subse- 
quent memoirs. 

From the commencement of my studies on this subject, my principal aim has 
always been to reduce the experiments of electro-physiology to the simplest possible 
form, so that they may be repeated without the aid of very expensive instruments, 
or such as require great skill and pmctice in the management. 

It is for this reason that I have dwelt long upon the phenomena which the electric 
current occasions in its passage along the nerves of an animal recently killed. The 
galvanoscopic frog, the mode of preparing which, together with its use and all its 
details, I have described in my Traits des Ph^nom^nes Electro-Physiologiques des 
Animaux, page 51, is indubitably a very delicate galvanoscope, and free from all 
error. By means of the galvanoscopic frog properly applied, it is easy to ascertain 
the direction of the current which traverses the nervous filament of the frog itself. 
There is only this to be observed, that it is essential to the occurrence of this indica- 
tion to wait until the frog be sufficiently weakened ; and that in spite of this pre- 
caution, in every series of experiments we find some one frog in which, although we 
always have the signs of the electric current, yet contraction fails to take place 
when the circuit is closed with the direct current, and when it is broken with the 
inverse. 

A new method of employing the frog, which I shall presently describe, adapts 
itself better than the galvanoscopic frog to the demonstration of the existence and 
direction of the muscular current, and of the proper current of the frog, and there • 
fore supei'sedes the necessity of a galvanometer. For this purpose the frog is pre- 
pared in the ordinary manner of Galvani, that is to say, it is cut in half through the 
middle of the vertebral column, skinned, and the viscera removed. It is then easy, 
with the help of scissors (introducing them under the lumbar plexuses), to remove the 
greater part of the pelvis of the frog, leaving the above-mentioned plexuses intact \ 
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finally, the frog is divided into two parts by cutting the juncture of the two thigh- 
bones. In this way there remain two halves of the frog united together organically 
by their spinal nerves. When this frog is required to be used for the purpose of dis- 
covering the presence and direction of the muscular current, it should be disposed 
upon an insulating plane in such a manner that its two extremities or claws dip 
into two sepamte recipients. Joining these two recipients with strings of cotton 
or thread, soaked with the same liquid as that contained in the recipients them- 
selves, or with a strip of paper similarly wetted, no sign of contraction is ever pro- 
duced, therefore no current is in circulation. This last fact may easily be proved 
by closing the circuit with the two ends of the platinum wire of a delicate galva- 
nometer, provided we can be perfectly certain of the homogeneity of the sub- 
stance of the extremities of the wires. And it will be seen that it cannot be other- 
wise, on reflecting that each half of the frog constitutes an electro-motor element 
of the proper current, so that, in the above-described manner of using the prepared 
frog, there are always two equal currents circulating in contrary directions, and 
which consequently neither excite contractions, nor deflect the needle of the galva- 
nometer. 

There is nothing easier, and at the same time more decisive, than the confirmation 
of the existence of the muscular current and of its direction. 

A pile consisting of thighs of frogs, or of muscles of other animals, should be pre- 
pared in the manner I have described in my work that I have quoted above. The 
two extremities of this pile (the internal surface of the muscle on the one hand, and 
the external on the other) should dip in distilled or spring water. When the frog is 
prepared as already described, and stretched upon the insulating plane, the extreme 
cavities of the pile are made to communicate with the two recipients in which the 
claws of the frog are immersed, by means of strings of thread or cotton soaked with 
water (Plate III. fig. 1.). The frog is then distinctly seen to contract both on closing 
and on breaking the circuit ; but both limbs do not contmct equally, since that 
which is traversed by the current, and which consequently is near that extremity of 
the pile which is formed by the internal surface of the muscle, contracts on closing 
the circuit with the direct current, while, on the contrary, the other limb, which is 
near the extremity of the pile formed by the external surface of the muscle, contracts 
on breaking the circuit. Simply by the aid of the frog so prepared, it is possible to 
confirm the principal laws of the muscular current, which I have already discovered 
with the galvanometer. Thus it happens that the contractions of the galvanoscopic 
frog increase proportionally with the number of elements; and they are the same 
for a pile formed of muscular elements deprived of all visible nervous filaments, as 
for a pile the muscular elements of which are intact. The same takes place operating 
with a pile composed of muscular elements taken from frogs killed by the action of 
narcotic poisons, carbonic acid, prussic acid, &c. Finally, with the galvanoscopic 
frog it is easy to discover the immense difference which exists between the sig^s of 
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the muscular current, occurring some time after death in piles composed of the same 
number of muscular elements^ but taken from different animals, as frogs, eels, or 
pigeons. The signs of the current diminish in a rapid ratio as we ascend in the scale 
of animals upon which we operate. 

Hitherto I have merely exhibited experiments which confirm my former conclu- 
sions. I have simply sought to show how that without a very delicate galvanoscope, 
and with the galvanoscopic frog alone, any person may be enabled to demonstrate 
the principal laws of the muscular current. 

It has always been an object of peculiar interest to me, in the study of the mus- 
cular current, to establish fresh experimental proof, or to repeat and extend my 
former ones ; all which have led me to conclude that the existence and intensity of 
the muscular current depend upon the existence and intensity of the changes of 
structure and composition, which constitute the nutrition of the muscle. 

Nevertheless, before entering upon the exposition of my researches instituted in 
this view, I will describe some fresh facts, which, although they may be anticipated, 
notwithstanding, better serve to fix the origin of the muscular current. 

With a pile of half thighs of ffogs I have distinctly obtained the decomposition of 
iodide of potassium. To effect this, I soak a piece of paper in a solution of this sub^ 
stance, and upon it, about the distance of a line apart, I place the extremities of two 
platinum wires, the other ends of which dip in the fresh water which fills the extreme 
cavities of the pile. To facilitate and expedite the decomposition of the hydruret, 
I increase the extent of those portions of the platinum wires which are immersed 
in the cavities of the pile, by twisting the extremities into a coil; I am also in the 
habit of further wetting the paper soaked with the solution of hydruret of potassium, 
with a solution of starch paste, to which I add a few drops of chlorine. After the 
circuit has remained closed a few seconds, a blue or a yellow spot is formed around 
the wire which communicates with the cavity in which the external surface of the 
muscle is immersed. 

With a pile of twenty elements of half thighs of frogs, I have likewise distinctly 
obtained signs of tension, by means of a tolerably delicate condenser. To this in^ 
tent I put one extremity of the pile in communication with the ground, and the other 
with the plate of the condenser. I have frequently repeated the experiment, at one 
time establishing a communication between the internal surface of the muscle and 
the condenser, and the external surface with the ground ; at another time I have re- 
versed this order. I have likewise observed the phenomena which ensue on putting 
each of the extremities of the muscular pile in communication with one of the plates 
of the condenser. In every case the electroscope has constantly exhibited signs of a 
negative charge upon the internal surface of the muscle, and of a positive charge 
upon the external surface. 

Again, I was desirous of ascertaining how the signs of the muscular current were 
affected on excluding the air from contact with the pile. For this purpose I em* 
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ployed the receiver commonly in use for the experiments of electricity in vacuo, or 
in other gases than air. The two platinum wires are fastened to the metallic rod 
which moves in the tube in the centre of the receiver ; one of the wires, however^ is 
insulated from the rod by a layer of gum-lac which intervenes where the wire encircles 
the rod. These two wires are twisted into the shape of a pitchfork^ and so diverge 
from one another, that on pushing the rod down the two extremities enter the ex- 
treme cavities of the muscular pile (fig. 2.). I rapidly exhausted the air in the re- 
ceiver, and then connected the platinum wires with the galvanometer. I have re- 
peated the experiment while the air was exhausted, and immediately after admitting 
the air again into the receiver. The direction of the current has never varied, nor 
have I perceived any very great difference in the intensity and duration of the cur- 
rent in the different modes of conducting the experiment. 

It will be readily understood from the description of the apparatus employed for 
operating in a vacuum, how easy it was to adapt it to experiments in- other gases : 
I have used hydrogen and carbonic acid. 

I think it important to describe minutely the results obtained in these different 
experiments. I began with a pile composed of twenty muscular elements, or half 
thighs of frogs, placing it under the receiver, and I filled the cavities of the pile with 
well-water, after ascertaining that there was no sign of a current on immersing the 
ends of the wire in the same liquid. In less than five minutes the frogs were killed 
and the pile prepared. In performing these comparative experiments, I have made 
use of frogs caught on the same day and in the same pool. In all these experiments 
the circuit was kept closed, and the duration of the current in the galvanometer ob- 
served for several hours successively. The following are the numbei*8 obtained in 
the different experiments. 

Operating in atmospheric air with a pile of twenty elements of frogs, the deflection 
in my galvanometer was so strong that the needle reached 90^, oscillated, then gra- 
dually returned towards 0^. At about 30^ the needle begins to be stationary, or at 
least it retrogrades considerably more slowly than at first. Every ten minutes I 
noted down the deviations, which are the following: 15°, 9°, 6°, 4% 3^^ 3^^ SJ^ S^"". 
At the expiration of two hours the deflection was the same. The circuit was then 
broken, and the extremities of the wires immersed in pure water, the current pro- 
duced was 70°, and its direction was contrary to the first when the circuit was closed 
with the muscular current. This was evidently the secondary current which at the 
commencement of my researches I showed to be the cause of the rapid decline of the 
muscular and proper current in those cases where the circuit is kept closed. I have 
twice repeated this same experiment with the same results. 

I have constmcted a third pile similar to the two already described, which I have 
put under the receiver mentioned above, and have exhausted the air to that degree 
of rarefaction that the mercurial column showed only one inch of pressure. I could 
not attain to a more complete degree of rarefaction on account of the aqueous vapour 
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which was continuously formed. J then closed the circuit, and the deflection at first 
was 85^; as usual the needle oscillated, retrograded, and began to be stationary 
towards 30^. The following numbers show the degree of deflection at intervals of 
ten minutes, care having been taken to maintain constantly the degree of rarefaction 
unaltered. After the first ten minutes the deviation was 16°, 10°, 7°, 6^ 6^ 4°, after 
two hours the deflection was fully 3°. On admitting the air into the receiver the 
needle advanced two or three degrees, then again returned to its deflection of 3°. 
This slight increase in the strength of the current occurs, as we shall presently see, 
whatever be the gas introduced into the receiver ; it is also caused by working the 
air-pump while the circuit is closed, and this is probably owing to the liquid con- 
tained in the cavities of the pile being put in motion, so that the wires are more or 
less immersed. The lesser deviation obtained in this third experiment on first closing 
the circuit was very probably owing to the frog having been killed rather longer than 
the others, to the muscular elements immediately beginning to dry in rarefied air, 
and to some bubbles of air which adhere to the platinum wires when the pump is 
worked. 

I next killed forty other frogs, and with them I composed two piles consisting of 
twenty elements each pile. I tried the effect of each of these piles separately in con- 
tact with the air ; in one of them the first deflection was 85°, in the other 88°. I 
then put one of these piles under the receiver and exhausted the air ; I closed the 
circuit, and the deflection was 81°. The needle oscillated, retrograded as usual, and 
remained fixed at 15° at the expiration of ten minutes. I now introduced a sufficient 
quantity of oxygen gas to fill the receiver. The needle oscillated slightly on admit- 
ting the gas, then continued retrograding, and after a lapse of thirty minutes it 
marked 8°, and at the end of another half-hour it showed 4°. 

After this I placed the other pile under the receiver, exhausted the air, and closed 
the circuit. The first deviation of the needle was 65°. This difference is naturally 
owing to the length of time the frogs had been killed, that is, all the time taken up 
by my first experiment. Leaving the circuit closed, the needle as usual continued to 
retrograde, becoming stationary at 4°, as did the other pile immersed in oxygen. 
Finally, I re-admitted the air, and the deflection was not increased. 

These experiments are sufficient to show that the muscular current neither varies 
in intensity nor in duration, after the death of the animal, from keeping the muscles 
from which it is obtained either in oxygen or in air reduced to a pressure equivalent 
to one inch of mercury. 

I will now describe the results obtained from operating in the manner above de- 
scribed, in hydrogen gas. The singularity which this gas offers could not certainly 
have been anticipated before the experiment. 

As usual I prepared a pile of twenty elements, half thighs of frogs ; I placed it 
under the receiver, and previous to exhausting the air I completed the circle, and the 
deflection was 85°: the circuit was left closed. I then rapidly exhausted the air 
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and substituted hydrogen gas in its place. After the circuit had been closed ten 
minutes^ the needle of the galvanometer remained stationary at 15^ But then in^ 
stead of continuing to retrograde it began to advance, so that the deflection was o(f 
at the end of ten minutes. I broke the circle by drawing the rod up, and when the 
needle bad returned to 0^ I again completed the circuit ; the needle now advanced 
to 90^ in the usual direction of the muscular current, and remained fixed at 65^ 
From this point the needle of the galvanometer descended very slowly, being at 40^ 
at the end of an hour. I then exhausted the hydrogen and re-admitted air, and the 
needle returned to 12^, continuing to recoil, but still more slowly than in the other 
experiments. 

I repeated this same experiment with precisely the same results ; that is to say, the 
needle descended as usual before the hydrogen was let into the receiver ; after the in- 
troduction of the gas it advanced to 50^ I then produced a vacuum and again ad- 
mitted the air, and the needle again descended, still however keeping up a greater 
deflection than there would have been if the hydrogen had never been used. I have 
been able, several times with the same pile, to observe the alternations of the effects 
produced by air and by hydrogen gas. Prolonging the contact of the hydrogen 
for some time, I have constantly observed that when that gas was exhausted and 
atmospheric air substituted for it, the final deflection of the needle, taking into ac- 
count the time elapsed since the preparation of the pile, and cceteris paribus^ was 
much greater than it would have been if no hydrogen had been introduced into 
the receiver. Finally, I will mention another experiment performed by closing the 
circuit with the usual muscular pile after having filled the recipient with hydrogen. 
The first deflection was the usual one, and then followed 47°, 41^ 40^ 38^ 3?^ 36^ 
34°, 32% 31% 30°. These signs of deflection were noted down at intervals of ten 
minutes. After six hours the needle was stationary at 25% When hydrogen is 
not used, that is in atmospheric air, in vacuOy or in oxygen, the deflection does not 
exceed 5° with the usual pile of twenty elements, after the circuit has remained closed 
an hour. 

Although I could not attribute this singular difference produced by the presence 
of hydrogen upon the muscular pile to the action of this gas upon the source of elec^ 
tricity in the muscles, nevertheless it appeared to me important to discover the cause 
of this difference. I very quickly prepared forty elements (half thighs of frogs), using 
every possible precaution to have all those circumstances equal in all the conditions 
which are known to influence the muscular current. Thus, two individuals prepare 
the frogs at the same time, each frog is divided into halves, and two separate heaps 
are made, from each of which twenty elements, or half thighs, are selected. I leave 
twenty of these elements exposed to the air, and the others in an atmosphere of hy- 
drogen by means of the receiver. 

At the expiration of forty minutes I take these twenty elements out of the hydrogen, 
and compose the pile, and I do the same with the other elements left in contact with 
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the atmosphere. I oppose the two piles to one another in the manner I have de- 
scribed in my work quoted above^ for the purpose of discovering the differential 
current. This done, I determine the intensity of the muscular current in each of the 
piles, taking note of the first deflection, and of that which the needle indicates after 
the circuit has been closed ten minutes. In another experiment performed in exactly 
the same manner, I confronted the current of one muscular pile, the elements of 
which had been in hydrogen, with another, the elements of which had been in air 
highly rarefied. Finally, before putting the muscular elements in hydrogen gas and 
in rarefied air, I measured the muscular currents of each of these piles, in order to 
compare them with those which were to follow. I should be too long if I were to report 
all the numbers of the different experiments which I performed. The conclusion to 
be drawn from them all is extremely simple. Hydrogen gas does not act differently 
upon the muscular elements from oxygen, and atmospheric or rarefied air, or in other 
words, these different gaseous media do not exert any influence upon the intensity 
and duration of the muscular current. 

It only remained for me to determine precisely the cause of the singular effect ex- 
hibited by hydrogen ; and as I could not doubt that this effect was owing to the 
action of hydrogen gas upon the secondary polarities evolved upon the platinum, I 
tried the following experiment. I introduced a platinum wire into a tube of glass, 
and with the blow-pipe I soldered it to the upper and closed end of the tube. I con- 
structed a pile of twenty elements, and closed the circuit, as seen in fig. 4. The tube 
filled with water is inverted in the liquid contained in the extreme cavity of the 
pile, in which the outer surface of the muscle is immersed. When the circuit was 
closed the first deflection was 90^, then the needle retrograded as usual. When 
the deflection was at 20^, I introduced hydrogen into the tube A, and the needle in- 
stantly began to rise to 25% 30% 40% 50^. I allowed the hydrogen to escape, filling 
the tube again with water and closing the circuit, and after ten minutes the needle 
was at 5^. Again, I filled the tube with hydrogen and the needle rose to 20% 25% 
30^ Finally, I transferred the hydrogen tube to the other cavity in which the inner 
surface of the muscle was immersed, and instead of advancing the needle only fell 
more rapidly. 

The effect then of the hydrogen gas is to act upon the oxygen which tends to be 
evolved upon the platinum which transmits the muscular current, which passes, as 
is well known in the muscular element itself, from the interior of the muscle to the 
surface. It is a case analogous to the gas-pile of Grovb. These researches seem to 
prove that the cause of the rapid diminution, both of the muscular and proper current, 
from the circuit being kept closed, lies in the secondary polarities of the platinum 
extremities^ which generate a current that circulates in a direction contrary to that 
of the muscular pile. I have yet to mention the experiments attempted by putting 
the muscular elements in contact with carbonic acid for different lengths of time. I 
have performed three experiments of this nature, in each of which I have confronted 
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the pile, the muscular elements of which bad been in carbonic acid^ with another pile 
similar to the former, but which had merely been left in contact with the air. After 
having opposed the two piles to one another, I have closed the circuit without ever 
having found that any difference was induced by the carbonic acid. 

Summing up the results of the various and repeated experiments attempted in the 
view of discovering the influence of some gaseous media (air, air greatly rarefied, 
oxygen, hydrogen and carbonic acid) upon the intensity and duration of the muscular 
current, we must conclude that this influence is either null or insensible, or in other 
words, that the immediate causes of the development of electricity in the muscles re- 
side in the muscular substance, independently of the gaseous medium in which it is 
placed. 

In order better to determine the relation between the signs of the muscular current 
and the organico-vital conditions of the muscle, since the last few months of the past 
year I have directed my attention towards ascertaining the intensity of the muscular 
current generated by a pile of half thighs of frogs, always made up of twenty elements. 
I did this for the purpose of comparing the influence of the temperature of the me- 
dium in which the frogs had lived, with the muscular current which they gave : I 
will describe once for all and in a few words, my mode of experimenting. From 
November 1844 to the end of March 1845, I have constantly sent twice a week to 
have frogs caught from the same marsh. As soon as the frogs arrived at Pisa, they 
underwent the usual mode of preparation for determining the intensity of their mus- 
cular current. A certain number of these same frogs were put into a glass recipient 
without water, and kept in a little room, the constant temperature of which was + 16^ C. 
(60^*8 F.) A similar number of the frogs were placed in a like recipient, but exposed, 
on the terrace of the meteorological observatory, to the temperature of the atmo< 
sphere. Lastly, four frogs taken from the mass were put into the bottle furnished 
with a tube (fig. 3.), the tube A B of this bottle dipped in mercury. The apparatus 
thus disposed was likewise left exposed to the temperature of the atmosphere upon the 
terrace. In eight hours' time the tube C was opened, and inflating the bladder, a 
portion of the air was collected, and the quantity of carbonic acid produced by the 
four frogs in that time, and in those given conditions, determined. It is impossible 
for me to relate all the experiments performed for the space of five months, twice a 
week ; comparing the frogs just arrived fresh from the marshes, with those kept for 
twelve and twenty-four hours at a temperature of +16° C. I shall merely state some 
of the numbers given by these experiments, in order to render the results of so many 
experiments, all concordant, more evident. The temperature of the air, or of the 
medium in which they live, the activity of the respiratory function, the intensity and 
duration of the muscular current, are quantities which vary from one another pro- 
portionally ; the temperature of the medium in which the frog lives cannot be raised 
without occasioning an increase of activity in its respiration, and a corresponding 
increase in the intensity and duration of the muscular current. 
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Pour frogs exposed to a temperature varying from 0° to 4°, produced in twenty- 
four hours 0'5 cubic centimeters of carbonic acid ; four other frogs placed in the 
same recipient and in the same conditions, but at +16'' C, gave 0*3 cubic centimeters 
of carbonic acid. The celebrated experiments of Edwards give double this number 
at a temperature of +27° C. We now come to the signs of the muscular current. 
In the coldest days of the past winter twenty elements gave a deflection of 32^, then 
in succession, as the temperature of the air increased, 38°, 48°, 50"^, 56°, 60°, 66°. 
These indications correspond to the gradual increase of the temperature from 0° to 8°. 
Finally, in the present month, the thermometer rising to +15° in the shade, the inten- 
sity of the muscular current was expressed by the numbers 80°, 85°, 90°. It is need- 
less for me to repeat that these numbers refer to the first deviation which takes place 
on closing the circuit of the pile of twenty half thighs of frogs, always disposed in 
the same manner, and with their extremities immersed in the two cavities of the 
board, filled with spring water. 

I attained to the same result, comparing the intensity of the muscular current 
produced by frogs recently caught in the cold season, with that obtained from 
frogs which had been left for the space of twenty-four hours to forty-eight hours 
exposed to a temperature of +16°C. The following are some of the many num- 
bers noted down, for the sake of demonstrating, even in this case, the relation be- 
tween the intensity of the muscular current and the temperature in which the frogs 
have lived. A pile composed of frogs caught in the coldest part of the season 
have produced a deflection of 32°. The deflection caused by other similat- frogs 
which were kept for two days in a warmer temperature, was 38°. In another case 
the muscular current rose from 30° to 48°, in another from 50° to 64°, in another 
from 66° to 85°. 

I would observe, however, that if the frogs are kept too long exposed to a warm 
temperature, and deprived of the medium in which they generally live and are nou- 
rished, instead of the increase of the muscular current, produced by an increase of 
temperature taking place, a considerable diminution of the current follows in com- 
parison with that of the frogs recently caught. Experience has also shown me (that 
which was easy to foresee), that in proportion to the elevation of the temperature in 
the frogs originally, so much the sooner the effect of the want of nutrition was, 
manifest. 

I think it important to describe a few experiments which establish the relation 
between the intensity of the muscular current and the activity of the respiratory 
function. I have only been enabled to try these experiments upon frogs, from their 
great tenacity to life. I have repeated the following experiment several times : I 
skinned ten frogs completely, and put them into a glass recipient near to another in 
which were ten other frogs intact. The frogs thus flayed live for six, eight, and 
even ten hours, and are even quite lively. The muscular current produced by the 
skinned frogs was always considerably weaker than that of the trogs in their natural 
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State. In four experiments made upon the skinned frogs^ left in this state from two 
to eight hours, the first deflections were from 80^ to 85% and the needle first remained 
stationary at 18% then continued to fall slowly. In four other experiments made 
upon frogs in their natural state, the first deflection was 90% and the needle was 
stationary at 25% then fell as usual. 

I have performed a few experiments upon the muscular current of warm-blooded 
animals. In one of these experiments, communicated by M. Dumas to the Aca- 
demy of Sciences at Paris, and in which I composed the muscular pile, with live 
pigeons, I succeeded in obtaining the signs of the muscular current. The result of 
that experiment was to show me that the intensity of this current increased in pro- 
portion to the rank the animal operated on occupies in the scale of animals, while 
the persistence of the current diminished in the same proportion. Operating with 
great rapidity upon chickens and pigeons, I have been able to demonstrate the truth 
of this, using for my experiments the thighs of the above-mentioned animals. Com- 
paring an equal number of elements, whether of fowls or pigeons, with the same 
number of elements taken from frogs, the current, at first, is as intense, and in the 
greater number of cases more so than that of the frogs. Reflecting a moment on 
the greater length and resistance of the circuit of the pile of fowls and pigeons, the 
greater intensity of the muscular current in warm-blooded animals than in frogs, 
will be manifestly proved. This advantage, however, persists but for a very short 
space of time : a pile of eight elements of half thighs of pigeons or fowls, at the expi- 
ration of an hour, gives either no sign at all, or an almost imperceptible sign of a 
muscular current in the most delicate galvanometer I possess. This is far from being 
the case with the same number of half thighs of frogs, which continue for eight hours 
and more to manifest signs of the same current. 

Nor is this difference owing to an unequal evaporation, whether from the in<- 
ternal or external surface of the muscle. I have veiy frequently bathed the surface 
of the muscle with pure water, and made a fresh surface, by cutting it away with 
a razor, and reconstructing the pile : I have never found more than a slight in- 
crease in the first deflection, and none whatever on waiting until the needle became 
fixed. 

In order still better to confirm some of my former experiments for showing the 
influence of the sanguineous circulation upon the intensity and duration of the signs 
of the muscular current, I compared the current produced by twenty elements, or 
half thighs of frogs, in their natural state up to the moment of conducting the ex- 
periment, with twenty others, from which the heart had been taken away, but which 
still preserved considerable power of motion for a great length of time ; by this means 
I have established the conclusions to which I had arrived, proving that the muscular 
current is very much weakened by the defect of the sanguineous circulation. But 
the following experiment, better than all those referred to formerly, will demonstrate 
the truth of this last conclusion. From a quantity of frogs all caught in the same 
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pool, I chose twenty, which I put into water that had boiled for two hours. I covered 
the glass cylinder in which this water was contained, with a plate of glass which I 
luted to the cylinder. To prevent the water from again taking up air, I covered the 
surface with oil. The temperature of the water was +16° C. The frogs appeared 
more vivacious at the commencement of the experiment, from their continual move- 
ment from the surface of the water to the bottom, and vice versd, but it was not 
long before this vivacity ceased, and in about an hour they were all at the bottom 
of the cylinder, showing signs of suffering, and with but little motion. In two hours 
all motion entirely ceased and the frogs seemed dead. I have repeated this experi- 
ment twice with the same result, the only difference discoverable was in the time, 
which varies inversely as the temperature of the medium. The signs of the muscular 
current are considerably weakened in a pile composed from frogs which have been 
labouring under asphyxia for some time. Thus, while a pile composed of frogs which 
had not been submitted to any previous injury, caused a first deflection of 90^, and 
the needle remained fixed between 25^ and 30^, with a pile equally composed of 
twenty elements, but which had been taken from frogs in a state of asphjrxia, the 
first deflection was not more than from 50^ to 60^, and the needle stopped at from 
10^ to 12^. This difference is very striking, and the influence of a normal state 
of the sanguineous circulation and respiration could not be more clearly demon- 
strated. I will mention here a singular appearance of the muscles in frogs as* 
phyxiated : the muscles are almost white, and acquire a slightly red tint from 
exposure to the air. I was desirous to renew and verify the singular action of 
sulphuretted hydrogen. The following numbers, the result of various experiments, 
show that the muscular current is very much weakened in frogs killed by this gas. 
Twenty elements, or half thighs of frogs killed in the usual manner, gave a deflec- 
tion of 56^. Another twenty elements taken from the same mass gave 44°, another 
similar pile 41^ 

I will now sum up the results obtained from these different experiments. In the 
first place, the intensity and duration of the muscular current are independent of the 
nature of the gas which envelopes the muscular pile. Secondly, this current, as I have 
already shown from the commencement of my researches, is altogether independent 
of the cerebro-spinal nervous system, and the circumstances which exercise a marked 
influence upon its intensity are respiration and the sanguineous circulation. Thirdly, 
those poisons which seem to act directly upon the nervous system, have no influence 
upon the muscular current ; among these I would mention hydrocyanic acid, mor- 
phine and strychnine. Fourthly, sulphuretted hydrogen has a marked influence in 
diminishing the intensity of the muscular current. Fifthly, the intensity of the mus- 
cular current varies according to the temperature in which the frogs have lived a 
certain time ; it is needless to observe that this result is not discoverable except in 
those animals which like the frog necessarily take their temperature from that 
of the medium in which they live. Sixthly, the intensity of the muscular current 
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increases in proportion to the rank the animals occupy in the scale of beings, while 
the duration of this current after the death of the animal is in an exactly inverse 
ratio. 

Comparing these conclusions with those generally admitted by physiologists^ and 
drawn from a great number of experiments on the vital properties of muscles, it is 
impossible not to perceive that the property of the muscles, immediately connected 
with the muscular current, is that which Haller calls irritability, and which at the 
present day I believe physiologists designate by the name of organic contractility, or 
simply contractility. 

With regard to the manner of representing the origin of the muscular current, I 
only find in my present experiments a confirmation of the opinion I set forth in my 
preceding ones. The chemical action which goes on in the nutrition of the muscle, 
principally that which takes place in the contact of the arterial blood with the mus- 
cular fibre, is in all probability the source of this electricity in the muscles. I will 
not here repeat all the many and minute researches, together with the precautions I 
took, in the numberless experiments attempted in order to exclude every possible 
cause of a current foreign to the muscle ; and nobody who has taken the pains to 
follow out the description of my experiments, can retain any doubt that the origin of 
the muscular current is in the muscle endued with a certain degree of vitality. The 
experiments referred to, making the pile act in vacuum, in hydrogen, in oxygen, 
and in carbonic acid, prove with full evidence that it is not the action of the gas 
upon the inner surface of the muscle which occasions the current. To remove 
all possible doubt, I have taken the precaution of preparing the half thighs of frogs 
with gilded scissors or with pieces of glass made sharp at the edges ; the mus- 
cular current was the same, as in fact it ought to have been, as indeed it should have 
been. 

It might be said, reasoning according to a theoiy the value of which is well-appre- 
ciated at the present day, that the cause of the muscular current resides in the con- 
tact between the inner and the outer part of the muscle, or in other words, of two 
heterogeneous bodies. Let this then be the simplest interpretation of all the facts 
discovered by myself; it is sufficient for me to have well-established that this contact 
of heterogeneous parts of the muscle generates electricity in the conditions discovered, 
and such as they are described in the results referred to above. 

With regard to my own opinion, it appears more satisfactory to say that the deve- 
lopment of electricity takes place in the muscle during life from the chemical action 
between the arterial blood and the muscular fibre ; that the two electric states evolved 
in the muscle neutralize each other, at the same points from which they are evolved, 
in the natural conditions of the muscle ; and that in the muscular pile imagined by 
myself, a portion of this electricity is put in circulation just as it would be in a pile 
composed of acid and alkali, separated from each other by a simply conducting body. 

I wiU conclude this memoir upon the muscular current, with the description of an 
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experiment which appears to nie to tend to establish the origin of the muscular cur- 
rent according to these views. 

I prepared a great number of little cones, of about the size of half a frog*s thigh, 
cutting the very thin membrane of the caecum intestine into triangular pieces, and 
folding them up, and gumming them together upon a little wooden form of a conical 
shape. When these cones were dry, I prepared some fibrine by beating up some bul- 
lock's blood, the bullock being killed at that moment. I immediately fitted the cones 
with this fibrine steeped in blood, and composed a pile of twenty elements precisely 
similar to the pile of half thighs. This pile did not exhibit the slightest signs of a 
current in the most sensible of my galvanometers. Nor is it to be imagined that 
there was any want of conductibility in the pile just described ; in fact, I added four 
thighs of frogs prepared to the above twenty elements, and I obtained from this pile 
a deflection but slightly differing from that which the frogs gave, acting alone. This 
fact evidently proves that simple heterogeneity of the animal parts is not sufficient to 
produce the muscular current ; this heterogeneity should be such as exists in the 
living muscle. 
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In the seventh chapter of my Traits des Ph^nom^nes Electro-Physiologiques des 
Animaux, after having examined all that Galvani, Humboldt, Valli, and more 
recently Nobili, have said on this subject, I mentioned all my own researches from 
which the laws of this phenomenon follow. Comparing the muscular and the proper 
current together, we find that the influence of the different circumstances affects both 
currents equally. Thus it is that both the muscular and the proper current vary in 
the same sense with the variation of the temperature of the medium in which the 
frogs live. Sulphuretted hydrogen diminishes the proper current just as it does 
the muscular current. The same may be said of the effects produced upon the 
proper current by the different degrees of activity of the respiration and of the circu- 
lation of the blood. I shall not here mention all the numbers obtained in the expe* 
riments recently performed upon the proper current of the frog. I will merely say 
that I followed up every one of the experiments on the muscular current referred to 
in this memoir, with another experiment on the proper current, composing the pile 
with the legs which remained after having prepared the frogs for the muscular cur- 
rent. After so great a number of facts, I do not hesitate in repeating what I have 
said in page 127 of my Treatise : ^' comparing one with the other the circumstances 
which exert an influence over the muscular and over the proper current, they may be 
said entirely to resemble one another, and that that which increases or weakens the 
intensity of one of these currents, produces the same effect upon the other.*' Two 
points, however, still remain to be cleared up. Do the circumstances which affect 
these two currents operate upon both in a like degree ? or in other words, does that 
circumstance which diminishes as well the muscular as the proper current of the frog, 
act proportionally in that diminution ? 

I had found in my first experiments, that comparing two piles, one consisting of 
half thighs of frogs, the other of entire or halves of frogs, so as to obtain the proper 
current, the signs produced by the latter pile continued longer than those evinced by 
the muscular pile. 

I then began to renew my former experiments for the purpose of convincing myself 
of the reality of this difference, the only one between the muscular and the proper 
current. 

Studying afresh the influence of the various circumstances (temperature, respira- 
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tiou, sanguineous circulation, sulphuretted hydrogen) upon the proper current com- 
pared with the muscular current, I came to the following conclusion : the diminution 
which occurs in the intensity and duration of the proper current, from the decrease 
of temperature, from defect of respiration and the sanguineous circulation^ and 
from the action of sulphuretted hydrogen, is considerably greater than that which 
takes place in the intensity and duration of the muscular current. Thus, with the 
same number of elements, I have always seen that the proper current has been con- 
siderably weaker than the muscular current, operating on frogs asphyxiated, killed 
with sulphuretted hydrogen, or in the coldest weather. This difference decreases in 
proportion to the robustness and vivacity of the frog, so that in the spring and 
summer, choosing very strong frogs, the signs of intensity and the duration of the 
proper current equal and even surpass those of the muscular current. 

I was desirous of again studying the proper current in piles composed either of legs 
alone or of half thighs of frogs, or of entire frogs (figs. 5. 7- 8). In general, as I 
found before in my former experiments, these three piles produced currents the in- 
tensity of which was sensibly alike in all. This coincidence seems at first rather 
singular, considering the diversity of the internal resistance of the three piles, and 
admitting that the electro-motor element of the proper current resides in the leg alone. 
The experiments which I shall report at the close of this memoir, explain this fact 
sufficiently clearly. 

Comparing, however, the three above-mentioned piles, composed from frogs which 
had been exposed previously to the action of debilitating causes, I have always found 
that the signs of the proper current, in the pile composed of the legs alone, somewhat 
exceeded those of the other piles. 

I would here refer to another experiment, described at page 116 of my Treatise, 
performed with a pile (fig. 6.) of half frogs, from which the upper half of the thigh 
had been taken away. In this pile the proper current is in opposition to the muscular 
current, for which reason the current obtained is very weak, and sometimes null. I 
have still, however, constantly observed that if the frogs employed for this experiment 
are very robust, and in those conditions which we have seen to be favourable to the 
proper current, the signs of a current which this pile gives, though always very weak, 
are in favour of the proper current ; while, on the contrary, when the frogs are taken 
in the conditions unfavourable to the proper current, the slight current which this 
pile gives are in favour of the muscular current. 

From the sum of these facts I am again forced to conclude, as I was led by my 
former experiments to do, that the proper and the muscular current are in general 
subjected to the same laws, and that both these currents vary in the same sense, 
under the same circumstances. 

But why should the proper current belong exclusively to the frog ? This is the 
problem the solution of which I had long been anxious to arrive at, and hope finally 
to have given a satisfactory explanation. 
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I bad frequently observed, wbile operating with great rapidity upon rabbits, fowls, 
and pigeons^ that the signs of the proper contractions frequently manifested them- 
selves, and that therefore the celebrated experiment of Galvani was repeated in warm- 
blooded animals. When the thighs are cut away from these animals, the nerve laid 
bare, and folded back upon the leg, contraction is frequently visible. These con- 
tractions are more constantly obtained by composing piles of these thighs and making 
the nerve touch the leg. I must say, however, that every time that I have composed 
a pile of such thighs, I have obtained the signs of the muscular current, for which 
reason the contractions might have been attributable to that current. 

LfCt it be remembered, however, that in composing these piles, it is impossible not 
to put the current which parts from the internal surface of the muscle in circulation, 
for which reason a pile should be made analogous to that of the half frogs divided at 
the upper half of the thigh (fig. 6.). Observation has shown, from the time of 
Galvani, that the points of the leg of the frog to be touched, for the purpose of pro- 
ducing the proper contraction, are the points of insertion of the surface of the funi- 
cular tendon of the gemellus or gastrocnemius muscle into the calcaneum. 

In one experiment, described at page 105, 1 had endeavoured to remove tlie tendi- 
nous surface of the muscles of the legs, then composing the pile with the frogs so 
prepared, I had the current as at first, that is, directed from the feet to the head, in 
the animal. This experiment, however, did not prove that the proper current exists 
independently of the tendinous surface of the muscle ; in fact, removing the tendon, 
I lay bare the muscle, and so doing prepare a muscular pile, in which the current, 
being directed from the interior to the exterior of the muscle, is therefore in the same 
direction as the proper current. 

The following are the experiments which led me to generalize the fact of the proper 
current of the frog. There is*no difficulty in preparing the gemellus or gastrocne- 
mius muscle of the frog, leaving a certain portion of the funicular tendon, or tendo 
Achillis, which goes on to insert itself into the calcaneum, and taking care to avoid as 
far as is possible injuring the upper part of the muscle. I prepared a great number of 
these elements, and arranged them in a pile, as represented in Plate IV. fig. 9, in such 
a manner that the tendinous extremity came in contact with the belly of the muscle. 
From this pile I obtained signs of a current directed in the muscle from the tendon 
to the muscle, that is to say, in the same direction as the proper current. Comparing 
together an equal number of elements arranged in piles, and consisting of legs alone, 
or of gastrocnemius muscles only, the intensity of the current has been to all appear- 
ance the same. 

With equal facility the rectus femoris of the frog may be prepared, leaving the 
tendinous extremity which is inserted into the patella, and laying bare as little as 
possible of the internal muscular surface of the upper part. Thus I have been enabled 
to form a pile composed of several recti femoris, always arranging them in such a 
manner that the tendinous extremity reposed upon the surface of. the muscle as far 
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removed as possible from the internal part A pile so formed has given constant and 
distinct signs of a current direcied in the mnscle from the tendon to the muscle. 
With regard to the intensity,! mast add that the signs have always been weaker, 
from the pile composed of recti femoris, than those from the pile of half legs or gas- 
trocnemii muscles. 

It is very natural that the cause of this difference should be owing to the feci of 
the muscular current circulating in a contrary direction to the other. And, in truth, 
if the disposition of the elements which compose these piles be ever so little changed, 
so that the tendon of one of these elements be made to repose upon or near to the 
Interior of the muscle, thes^pris of every current become very weak or cease, alto- 
gether (fig. 10.). 

I have prepared a number of anterior cubital muscles, or muscles of the fore*ann 
of frogs, which likewise have at their extremities, near the carpus, a very distinct 
tendinous band. A pile composed of these muscles, disposing them as usual, with the 
tendon resting on the muscular surface of the next element, gives constant and very 
distinct signs of a current, the direction of which, in the muscle, is from the tendcHi 
to the muscle. The following in the meanwhile is the generalization of the &ct of 
the proper current of the frog : the current is directed within the muscle from the 
tendon to the superficies. 

It remained for me to extend this fact to its operation upon the muscles of warm- 
blooded animals, and the experiments accorded in such a manner as td leave no 
possible doubt. 

In these experiments I employed fowls, pigeons, rabbits and dogs. It is necessary 
to operate with great rapidity upon these animals, since, as in the muscular current, 
the signs of the current which we are now studying cease very quickly. Not less 
than six or eight elements are necessary for eliciting signs of this current sufficiently 
evident to remove all doubt. In all these animals the muscular extremities turned 
towards the feet are furnished with tendons much more distinct and grouped toge- 
ther than those of the upper and opposite extremities. I wished at first to have 
separated the different muscles as I had done those of the frogs, but the process is 
much more difficult with the muscles of these animals, which always get considerably 
lacerated. 

In order to succeed in the best possible manner, after having removed the integu- 
ments, I cut the thigh as near as possible to the articulation with the os ilium ; and 
in pigeons it is easy to tear the thigh out of the socket. The surface of these ele- 
ments should be well-dried and the pile formed (fig. 11.), disposing them in such a 
manner that the inferior extremity of the leg, where the tendons unite together, re- 
poses upon the surface of the muscular masses of the leg. In this manner the muscles 
of the thigh have no part in the circuit. From similar dispositions of eight elements 
taken from rabbits or pigeons, the signs of a current, marked by my galvanometer, 
were from 12^ to 15^ and 20°, and directed in the pile from the tendinous extremities 
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to the mascular surfaces. It is sufficient to introduce the thighs into this pile, to 
put, that is to say, the interior of the muscle in contact with the tendinous extremity^ 
for the sign of the current to be inverted^ and the muscular current produced (fig. 12.). 
This proves how necessary it is, in order to have the signs of the current directed 
from the tendon to the muscle, not to comprehend any portion of the interior of the 
muscle in the circuit. 

Let us then conclude, that ^^ touching a mass of muscle belonging to a living animal, 
or an animal recently killed, with a homogeneous conducting arch, one extremity of 
which is contact with the tendon of the muscle, and the other with the superficies of 
the muscle itself, signs of an electric current are obtained, which circulates in the 
muscular mass, its direction being from the tendon to the external surface of the 
muscle.** 

This fact comprehends that of the proper current of the frog. 

Let it not be forgotten that from the sum of all our researches, it has been proved 
that both the muscular and proper current are subject to the same laws, and thus in 
all probability have a common origin. I would here again call the attention of ana- 
tomists to the study of the structure of the muscles, and of the relation which exists 
between the muscular fibres, the tendon, and the membrane which invests the fibres 
or the sarcolemma. 

If I have rightly understood the classical labours of my friend Mr. Bowman, it 
would follow that tlie extremities of the elementary muscular fibres are immediately 
connected and continued with the tendinous fibre ; while the sarcolemma which invests 
the muscular fibre ceases abruptly where the tendon begins. On the strength of this 
disposition I cannot abstain from emitting an hypothesis upon the origin of the proper 
current, which would reduce all that we know on the subject of animal electricity to 
one principle alone. Let it be granted that the tendinous fibre, from its stracture, 
from its connections with the muscular fibre, and from its conductibility, represents 
the internal part of the muscle, and that the sarcolemma, on the contrary, is distin- 
guished under this aspect from the muscular fibre ; then the case of the proper cur- 
rent, or of the current from the tendon to the muscular surface, becomes at once the 
simplest and most general case of the muscular current. We must never forget the 
analogy between the muscular electro-motor element and the Voltanian element : 
the zinc is represented by the discs of the muscular fibre, the acid liquid by the 
blood, the platinum by the sarcolemma. Whatever be the conducting body with 
which the zinc is made to communicate with the platinum, the current is always in 
the same direction. If it be well proved by anatomy that the tendinous extremities 
are continuous with the extremities of the nmscular fibres, and that the sarcolemma 
which envelopes the muscular fibre alone, and not the tendon, is not continuous, is 
not as it were identified \idth the muscular fibre, the analogy between the muscular 
element and that of Volta is complete and perfect. 

The chemical actions of nutrition evolve electricity. 

PisOy April 7, 1845. 
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IHE term Induced contractions was applied in England to a physiological fact 
discovered by myself, and described in the tenth chapter of my treatise on the Elec- 
tro-physiological Phenomena of Animals. I shall henceforth adopt this denomination, 
since it has the advantage of expressing the phenomenon with brevity, and, to a certain 
degree, its nature. 

I will begin by explaining, in a few words, in what this fact consists, together with 
the principal researches which I made in the commencement for the purpose of dis- 
covering its laws. Having prepared a galvanoscopic frog, I laid its nerve upon one 
or both the thighs of a frog prepared in the ordinary manner ; this done, on applying 
the poles of a pile upon the lumbar plexuses of the frog, at the same time that the 
muscles of the thighs were contracted, contractions were excited in the galvanoscopic 
leg, the nerve of which reposed upon the thigh of the other frog. I discovered the 
same fact, placing the nerve of the galvanoscopic frog upon a muscle of the thigh of 
a rabbit, and exciting the muscle to contraction by means of a current which 
traverses its nerve. I have even seen contractions of the galvanoscopic frog occur 
^vithout applying the electric current for the purpose of contracting the muscle which 
ought to induce the contractions, adopting for this purpose any other stimulus to the 
lumbar plexuses or to the spinal marrow. I finally tried these experiments, introducing 
between the nerve of the galvanoscopic frog and the inducing muscular surface very 
fine laminse of different substances. A leaf of gold and a very fine non-conducting 
stratum of mica or of glazed paper being interposed prevented the phenomenon, that 
is to say, the induced contractions in the galvanoscopic frog failed to appear, whilst 
a stratum of fine paper soaked in water did not interrupt the induced contraction. 
From the whole of these facts I was led to conclude, — 1st, that the contraction in- 
duced in the galvanoscopic frog could not be attributed to the effect of derived cur- 
rents ; 2nd, that it should rather be considered the effect of an electric discharge 
taking place during the contraction of a muscle. For the sake of supporting this 
explanation of the induced contractions by facts, I instituted a great number of ex- 
periments which are described in the tenth chapter above referred to. With this 
view I composed a pile of entire frogs, and closed the circuit with the two extremities 
of the galvanometer. Allowing the needle to become stationary, I touched specially 
the nerves of the frogs composing the pile with a solution of potassa, by which means 
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contractions were excited in these frogs. Operating in this manner, I have oftea 
remarked the deflection of the needle to be increased by a few degrees, after which 
the needle retrograded. When the frogs were touched several times with the potassa, 
or w^re very much weakened, so that touching them again with the alkali no longer 
produced contractions, it has, in most cases, ooourred that there was no sign of in- 
creased deflection in the needle of the galvanometer, finally, bathing the nerves of 
frogs arranged in piles with acid or saline solutions, the deflection, for from in- 
creasing, rapidly diminished, at least in the beginning. 

These facts, with which I paused, might have appeared in some manner favourable 
to the idea that the induced contractions were the effect of an electric discharge 
which adcompanies the act of muscular contraction : notwithstanding this I termi- 
nated the chapter referred to with the following words ^~^^ I cannot take upon me 
to affirm that the question is entirely solved, and I pause here from not knowing how 
or by what way to advance to solve it." 

The importance, however, of the fact of induced contractions thus always appeued 
to me very great, and consequently I have not failed to give my strictest attention to 
the study of it, and I have reason to believe, latterly, with some success. I diall, 
therefore minntely describe in this memoir all the experiments that I have instituted 
upon the induced contractions, and I trust the reader will eiRcttse the prolixity of the 
description. 

Before commencing a fresh series of investigations into the fundamental fact of 
the induced contractions, I thought it necessary to repeat and vary the experiments 
of which I have already given an outline, and which were directed to the purpose of 
discovering whether there is a development of electricity during the oontraction 
of a muscle. In order to have a more fixed and considerable deflection, it was neces^ 
sary to employ piles consisting of a greater number of elements than those I bad 
made use of previously. I imagined that for this purpose a muscular pile would be 
far preferable to a pile of frogs. I avail myself of this opportunity of referring to an 
experiment made for the purpose of proving the existence of the muscular current in 
the living human subject. I applied the nerve of the galvanoscopic frog with care to 
the muscle of a leg laid bare by a wound. The most lively contractions were excited 
in the galvanoscopic frog every time that the circuit was suitably closed between 
the interior of the wound and the surfece. 

My late experiments have shown beyond all doubt that, the number of elements 
taken from the same frogs being equal, the muscular current is much stronger than 
the proper current. I have recently shown that when from defect of nutrition, a 
very low temperature, or the action of sulphuretted hydrogen, &c., both the muscular 
and the proper current of the frog are weakened, the diminution is much more con- 
siderable in the latter than in the former. And in fact, composing the pile described 
at p. 116 of my treatise with halves of frogs prepared by cutting the thighs in half, I 
find a differential current varying in intensity, but always in the direction of the 
muscular current. It is only in very robust frogs, dividing the thigh in the thickest 
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pai% and leaving a very small internal snrfaoe of the muscle exposed^ that the differ- 
ential current is found to be either null, or in the direction of the proper current. 
This fact attracted my attention in the course of my early experiments, but the ex- 
lunation of it is clearer to ma since my later investigations, reflecting that in leaving 
the thigh almost entire^ we have two elements, that is to say, the muscles of the leg, 
and those of the thigh, which direct the current in the same direction, while there 
is.bnl one element of the muscular current which gives a current in a contrary di- 
rection. 

Returning to the subject of this memoir, I would observe that I have employed a 
mnscular pile in the view of determining whether there is evolution of electricity in 
the contraction of a muscle. But since in order to excite the contractions of. the 
muscle, I was obliged to bathe it with concentrated saline or acid solutions, or better 
with alkaline solutions, I previously studied the effects of the action of these liquids 
upon the muscular current. In this view, from a great number of frogs I selected 
eight which I prepared in the usual manner, and: which furnished sixteen elements 
or half thighs. Closing the circuit, the needle reached 90° and remained stationary 
at 33^. Constracting another similar pile, after having well-washed and then dried 
the sixteen half thighs, the result was the same. Another sixteen similar elements 
were immersed for a few seconds in a diluted solution of sulphuric acid, and after- 
wards washed several times in water, so that they did not redden tumsol paper. 
Composing the pile and closing the circuit, a current was produced in the direction 
of the muscular current, but the deflection was only 6° or ^^ at first, and the needle 
was. fixed at 0°. I rapidly cut the half thighs with a pair of scissors so as to renew 
the internal surface of the muscle in a fresh state. Recomposing the pile, the current 
was still weaker than that indicated above. Thinking that the effect of the acid 
solution upon the muscular elements was to diminish the conductibility, I constructed 
a muscular pile of eight half thighs of frogs taken from frogs previously intact, to 
which I added four entire thighs taken from frogs likewise intact : the current which 
resulted was 46^. In the room of the four entire thighs, I next substituted four entire 
thighs which had been immersed in sulphuric acid and then washed, the current was 
44^ The conducting power therefore had not varied in the muscular masses sub- 
jected to the action of the acid solution. To be still more certain of this conclusion, 
I tried the experiment already described, substituting eight half thighs for the four 
entire ones for the purpose of prolonging the circuit. These eight half thighs being 
treated with the acid solution, and joined together by contact of the internal surface 
of one with the external surface of the other, the. result was the same. 

I next repeated the same experiments, using a sufficiently concentrated solution of 
potassa in which to immerse, for a few seconds, the muscular elements or half thighs. 
These elements were then washed in pure water until they showed no alkaline re- 
action. Composing the pile with sixteen elements, and closing the circuit, there 
was a first deflection of from 10° to 12° in the usual direction of the muscular current. 
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and an imperceptible stationary deyiation. Making a fresh section of the muscle 
and recomposing the pile, the result was the same. And in this case, likewise, the 
conductibility was not changed ; consequently the alkaline or acid solutions act as I 
had before found water act at a high temperature. I will here repeat an experiment 
which I made, merely to show its accordance with those related above. Sixteen half 
thighs of frogs were immersed for a few seconds in water at about 50^ C. On taking 
these elements out of the warm water and bathing them with cold water, I constructed 
a pile, closed the circuit, and had a first deflection of 12^ in the direction of the mus- 
cular current, and the needle stopped at 0^ After having renewed the internal 
surface of the muscle by making a fresh section, I recomposed the pile, and the signs 
of the current were the same as before. And also in this case I assured myself of the 
fact, that the conductibility had not been sensibly changed by the action of the hot 
water. I will add, moreover, that it is not to the repeated washing in pure water at 
the ordinary temperature, that the diminution in the intensity of the muscular current 
is to be attributed. I have very frequently seen the same deflection slightly varying 
in intensity, produced by a pile of a given number of elements, or half thighs, some- 
times washed in pure water, at others not washed at all. Even a solution of chloride 
of sodium highly concentrated, is capable of diminishing considerably the signs of 
the current produced by a pile of which the elements have been immersed for some 
seconds. Thus, whilst sixteen common elements produce a first deflection which 
mounts to 90^, and remains fixed at from 20^ to 22% if these elements be left for a 
few seconds in the saturated solution of the sal marinus and then taken out, the first 
deflection is about 60% and the needle becomes stationary at between 8^ and 10% 

We are thus led to conclude, that by the action of the alkaline acid or saline solu- 
tions in a concentrated state, those conditions of the muscular elements by which the 
evolution of electricity takes place, are destroyed. Nor is this conclusion in opposi- 
tion to the admitted origin of this current : but since by the action of the acid, or 
saline solutions, the signs of the muscular current either cease or are greatly weak- 
ened, it remains to be explained why, in the experiments reported in my work, and 
of which I have given an outline in the commencement of this memoir, the diminu- 
tion of the current did not take place on touching the elements of a pile of frogs 
with an alkaline solution, while it occurred immediately on touching them with an 
acid solution. 

On the contmry, we have observed, that operating with alkalies, at the first 
contractions that are excited, there is in many cases a perceptible increase of deflec^ 
tion, which lasts for some seconds. With acids, on the contrary, the deviation is 
lessened immediately, and returns again after a short time. 

Before endeavouring to account for these phenomena, I will describe those of my 
experiments performed with the greatest exactitude, in the view of ascertaining wbe- 
ther there be in contraction any evolution of electricity. I prepared a great number 
of frogs according to Galvani's method-; I then cut their legs, disarticulating them 
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'a8 well BB I was able : there remained a couple of thighs united by a portion of the 
spinal chord. One of these thighs I cut in half, and in this manner I had a certain 
number of elements all alike and consisting of an entire thigh, a portion of the spinal 
chord>. and a half thigh. It is easy to understand how, with these elements, I com- 
posed a muscular pile, that is to say, applying the external surface of the entire thigh 
upon the internal surface of the thigh of the succeeding element (fig. 13.). This done, 
I immerse the extremities of the galvanometer in the liquid in which the extremities 
of this pile terminate. A small appendage to the extremities of the conducting wires 
of the galvanometer, precludes the necessity of my holding the latter with my hands 
when I require to complete the circle. I have repeated this experiment a great 
number of times, at one time using a pile of twelve, at another of sixteen, at other 
times of twenty elements. Both the first deflection, and that at which the needle re- 
inained stationary, were somewhat weaker than they would have been had the piles 
been composed of an equal number of halves of thighs only. This difference is mainly 
attributable to the greater length or resistance of the circuit. In every case referred 
to above, after having suffered the needle to become stationary, which it did in the 
various experiments at 10^, 12^, and sometimes 15^, I touched the lumbar plexuses of 
the different elements with a sufficiently concentrated solution of potassa, excepting, 
however, the two extreme elements, for fear the alkaline solution should reach the 
Jiquid in which the extremities of the conducting wire of the galvanometer were im-< 
mersed* The muscular contractions took place immediately upon the application of 
the alkali, and lasted for some seconds without ever being sufficiently strong to in- 
terrupt the pile by displacing the elements. During these contractions the needle of 
the galvanometer did not move. In some cases I have seen the needle go back, in 
Others rise to 2^ or 3^. But these variations are too uncertain in the greater number 
of cases, and most generally correspond to a too sudden motion of the elements of 
the pile which disturbs their contact. 

V Let us then conclude that direct experiment answei*s negatirely to the question 
we proposed to solve, whether there were evolution of electricity in muscular con- 
traction. 

. Having got rid of this part of the question, the next which presents itself is the 
consideration of the phenomena which we observe in the proper current (for which 
we employ whole frogs), and which consist in signs of increased intensity on first 
touching the lumbar plexuses of the frogs with potassa, while, on the contrary, an 
acid solution causes the needle to fall instantaneously. To arrive at a knowledge of 
these facts I have repeated and varied my former experiments, and the explanation 
of the facts is as follows : — 

Whatever be the form of the elements used for constructing the muscular pile, 
that is to say, whether it be made of entire frogs^ of halves of thighs, or, as described 
(fig. 13.), if the surface of the muscular e^pments be bathed with an acid or alkaline 
solution, it constantly happens^ whether there be contrac^ons or not, that the de- 
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flection diminishes and the needle returns to zero, where it remains if the action of 
the alkali be repeated^ or the splution too concentrated. This effect is identical with 
that already describedi which occurs in the muscular elements immersed for a few 
seconds in acid or alkaline solutions. In the manner of conducting the experiment 
(fig. 13.) which we have adopted, in order to excite the muscles to contraction, we 
touch with the alkali such points of the muscles as are in a certain manner out of the 
circuit, and which certainly do not constitute the electromotor part of the element 
In the pile of entire frogs, with which we succeed oftenest in obtaining signs of in* 
crease of the current for a few seconds, on touching the lumbar plexuses alone with 
the alkali, these signs of inci*eased intensity never occur if the entire muscular surface 
be bathed with an alkaline solution. I will add, moreover, that if an acid solution be 
employed, and care be taken to touch the lumbar plexuses only with a paint-brush, 
carefully avoiding the muscles of the thighs or legs, the deflection is not diminished, 
and in spite of the contractions which are excited, although these are less than those 
which the alkali occasions applied upon the muscles, there is no increased deflection. 
The surface of the muscle must be touched with the acid to make the needle folL 
The same occurs with the alkali, and is, I repeat, in accordance with the ocperiments 
already referred to with the muscular elements which have been immersed in the 
acid or alkaline solutions. 

It 13 then only with the pile of entire frogs, and only when the lumbar plexuses of 
these alone are touched with the alkali, that sometimes a slight increase of deflection 
is perceived, while this does not occur when acids are similarly appHed. Taking up 
our ground upon the strength of all the experiments described above, it is impossible 
to consider this result as contrary to the absolute answer in the negative given above 
to the question whether there were development of electricity in muscular con- 
traction. 

In the course of the present memoir other irrefragable proofs will be adduced in 
support of the assertion to the contrary. It is impossible for anybody who looka well 
to the whole of these phenomena, not to perceive the difficulty w)iich occurs in eDr 
deavouring to explain why, in the particular case described above, the alkali should 
produce an increase of deflection in the proper current of the pile of entire frags. 
For myself, I incline to the belief that stronger and more permanent contractions 
being excited by the alkali than by acids, the contact between one element and the 
other becomes thereby more intimately established in the greater number of eases^ 
and, by that means, the internal conducting power is increased. In effect, this contact 
h very imperfectly established in the pile of entire frogs, and very great differenoe in 
the intensity of the current is perceptible with the same elements by improving their 
mutual contact. 

Whatever may be the right interpretation of the slight increase, which occurs in 
the intensity of the propei* current, on. touching the lumbar plexuses of the £rog% 
and thus exciting muscular contractions, certainly thia fact alone is insufficient to 
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lead us to admit the evolution of electricity during muscular contraction^ wbile^ as 
certainly, all the other cases described oblige us to conclude the contrary. 

I will now proceed to detail several other new researches upon the phenomenon of 
induced contractions : but I must fii-st entreat that the reader will excuse my tres- 
passing on his time with a lengthened account of my numerous experiments : the fact 
of induced contractions is certainly of siich importance, and at the same time so 
obscure, that it cannot be established except by long and patient researches. 

No one who has once seen induced contractions occasioned by contractions excited 
by other means than an electric current^ can hesitate to admit that this current is 
not the direct cause which produces them. 

If the nerve of the galvanoscopic frog be applied upon the muscles of the thigh of 
a frog prepared in the ordinary manner, and the spinal chord be suddenly lacerated 
with scissors, or with the broken edge of a piece of glass, or by any other means, in- 
duced contractions very rarely fail to occur. It is however certain that passing an 
electric current through the lumbar plexuses, the phenomenon of induced contrac- 
tions scarcely everiails. 

As I have most frequently resorted to the passage of the electric current for exci- 
ting contractions, I have taken every possible precaution to prevent any portion of 
the electric current from invading the galvanoscopic frog or the thighs of the entire 
frog. The best mode of conducting the experiment, and the way which offers the 
best chance of success, is to fill a common dinner-plate with Venice turpentine and 
spfead the frog upon it. It is hardly necessary to say that the turpentine should be 
so dense that the frog cannot sink in it ; care must be had in preparing the galva- 
noscopic frog not to leave any portion of muscle attached to the nerve. 

Whatever may be the position of the nerve of the galvanoscopic frog relatively to 
the muscular fibres of the thigh on which it is laid, the' plienomenon of the Induced 
contractions always continues. Thus on some occasions I have extended this nerve 
parallel to the muscular fibres, or I have extended it normally to the said fibres, or 
in fine, I have bent it in a zigzagy that is, in all directions, and the induced contrac- 
tions have been obtained in every case and without sensible difference. 

These induced contractions are obtained by applying the nerve of the galvanoscopic 
frog on the gastrocnemius muscle of the leg. 

I have also attempted, by washing the galvanoscopic frog several times in pure 
water^ to remove any trace of blood or other humours which might be sprinkled over 
the surface of its muscles, and the induced contractions have equally continued. 

I have cut with a razor, or better still with a pair of scissors^ the sur&ce of the 
muscles ; I have then placed the nerve of the galvanoscopic frog upon the cut snr- 
face only of the muscles themselves ; the induced contraction has taken place. It 
has also occurred oh disposing the nerve of the galvanoscopic frog upon the muscle 
so that the extremity of the nerve should fold back over the nerve itself, and thus 
form a kind of closed circuit. 

2 s2 
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I ha^e also wished to ascertain if the induced contractions continued eren wben 
the nerve of the galvanoscopic frog had not been cut. I hare therefore prepared the 
frog, so as to preserve the nerve entire, as follows. Having skinned a frog I remove 
the viscera, then the bones and muscles of the pelvis, and finally the muscles of thie 
thigh, taking care to preserve the nerve of the thigh. In this manner I obtain a 
frog whose nervous system is entire, and which has a long nervous filament uncovered, 
that is, the lumbar plexus and the nerve of the thigh. Having thus obtained the 
frog, I prepare another in the ordinary manner, which I place upon the turpentine in 
the manner already described. Then I place the nerve of the frog, prepared as has 
been said, upon the thighs of the other frog (fig. 14.). On exciting the muscular 
contractions, the induced contractions are obtained as they are by using the galva- 
noscopic frog alone ; and at the same time the contractions in the muscles of the 
back and in the other leg are obtained. We shall have occasion to recur to this ex* 
periment further on ; we now limit ourselves to deduce from it that the induced 
contractions are obtained, even when the nerve placed upon the muscles in conCrac* 
tion is entire. ' 

In using the frog thus prepared, I have experimented upon the induced contrac- 
tions, by causing the nerve that is in contact with the muscle in contraction to be' 
already in some manner excited by a current or some stimulus. For this purpose I 
have comprehended the galvanoscopic frog in the circuit of a voltaic circle, or have 
applied upon the nerve a drop of an alkaline solutiooi Every time that the inducing 
muscles are contracted, therc is always induced contraction, whether the nerve 
through which this cuiTcnt is transmitted be already excited or not, and conseqnently,^ 
even when the muscles in which the induced contractions are generated, are already 
in contraction ; and, in fact, in spite of the contraction already present there is no 
difficulty in perceiving the induced contraction that follows. 

Many easy experiments may be made to prove that in whatever way the nerve of 
the inducing muscle be excited, if its contraction fail, the induced contraction is also 
wanting. I shall limit myself to reporting some of the principal ones. Having cut 
the nerves at two or three points in the interior of the inducing muscle, so as to pre- 
vent its contracting, the induced contraction is wanting when the nerve is in any 
way stimulated external to the inducing muscle. 

If, without cutting the nerve, all the tendinous extremities of the muscles of the 
thigh are severed, and transverse cuts are also made in those muscles, taking care 
not to divide the nerves, on stimulating them, the inducing and also the induced con-' 
tractions are wanting^ 

By removing with care all the muscles of the leg of a frog, the nervous filament that 
runs in the leg itself may be uncovered. This nerve may be irritated either with the 
current or any other stimulus, after having extended the nerve of the galvanoscopic 
frog upon the muscles of the thigh above. These muscles of the thigii do not. oon- 
tract ; the induced contraction is wanting. 
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By opei*atiiigl.upon rabbits or upon dogs, I have been able, with the electric carrent, 
to act upon the nervous filaments that run to the kidneys, to the stomach, and 
to the intestines : when the nerve of the galvanoscopic frog was extended upon the 
different parts in the same conditions as for the muscles, I never obtained any sign 
of induced contraction. 

I have also sought to discover if there was contraction induced by applying the 
nerve of the galvanoscopic frog upon the excited nerve. For this pui|>ose it is suf- 
ficient to prepare two galvanoscopic frogs, and to extend the nerve of the one upon 
the nerve of the other, in the points nearest to the leg. To perform the experiment 
with every care, the two frogs are disposed upon turpentine. Then, either with the 
current or with some other stimulant, the superior points of the nerve of the frog, that 
I shall continue to call inducing, are erected. There is no induced contraction in 
the galvanoscopic frog, although this contraction immediately occurs, if its nerve is ex-^ 
tended over the gastrocnemius of the other. It is needless to say that in using the 
current to excite the inducing contraction we must never place either of the elec-- 
trodes of the pile in contact, or in proximity to the nerve of the galvanoscopic frog. 
. It is proved by the above experiment that an excited nerve, and one in which is 
certainly propagated that cause, whatsoever it be, wtiich awakens contraction in the 
muscle and sensation in the brain, does not act upon the nerve of the galvanoscopic 
frog placed in contact with it. I will also add the following experiment. I have 
uncovered the brain of a frog pi'epared in the ordinaiy method with the greatest 
possible care, and I have extended upon it the nerve of the galvanoscopic frog. 

In various experiments thus tried, I have applied the current sometimes direct, 
sometimes inverse, upon the lumbar plexuses, and in others I have touched these 
plexuses with potassa, and I always obtain the contractions in the lower limbs and 
convulsions in the back. However, I have never found signs of induced contractions 
in the galvanoscopic frog that was extended upon the brain. The induced contracr 
tions are therefore originated solely, by the muscle in contraction. 

I have sought to discover how these induced contractions grow weak, by causing 
them to be originated by means of a muscle whose own contraction was induced. In 
a word, I have examined the induced contractions of the second and third order, &c« 
For this purpose I prepare various galvanoscopic frogs, and one in the ordinary 
manner, and I dispose them in the following way. Upon the muscles of the thighs 
of the entire frog I extend the nerve of a galvanoscopic frog : upon the gastrocnemius 
of this, I extend the nerve of another galvanoscopic frog, and so on in succession. 
The whole is placed upon turpentine. On exciting the contractions of the entire irog by . 
making the current pass through its lumbar plexuses, I have seen in many instances 
/Aree. galvanoscopic frogs contract, and all with nearly the same vivacity. The con* 
tractions are never wanting in two frogs, but* I have never been able to perceive four 
contracted. There is therefore an induced contraction of the first, the second, and 
the third rank. Before coming to the consequences to be drawn from the above- 



312 PROFESSOR MATT£VCC1*S ELECTRO-PHTSIOLOOICAL RESEARCHES. 

mentioned £acts, it remains to me to describe the many experiments I have made for 
the purpose of discovering the influence of bodies interposed between th^ muscle in 
contraction and the nerve of the galvanoscopic frog upon the induced contraction. 
From my first experiments upon the induced contraction, I had perceived that on 
extending a sheet of gold leaf, such as is used for gilding, upon the muscle, and then 
placing the nerve of the galvanoscopic frog upon the gilded muscle, the induced 
contracftion did not take place. That this should happen, it was necessary that the 
muscle should be completely coated with the gold leaf, which is not the case after 
one or two contractions when the gold leaf gets torn. I had then seen that a 
varnished paper (papier glac^ interposed between the muscle and the nerve impeded 
the induced contraction ; and lastly, a she^t of felt soaked with water or the serous 
liquid that bathes the surface of muscles, and interposed between the muscle and the 
nerve of the galvanoscopic frog, does not prevent the induced contractions. Our 
knowledge was limited to these three cases relative to the action of interposed bodies 
upon the induced contraction* I have thei^fore sought to extend and vary the ex- 
periments. The manner of operating that I have adopted, consists in preparing a 
frog in Galvani's method and placing it upon turpentine ; while an assistant is pre- 
paring more galvanoscopic frogs whose nerves I extend upon the muscles of the 
thighs of the first frog. In order to awaken the inducing contraction, I always use 
a small Faraday's pile of fifteen elements immersed in pure water, and whose elec- 
trodes are covered with silk and varnished. 

There is no liquid body among the many examined that impedes the induced con- 
traction ; pure water, slightly acidulated and saline water, serum, blood, olive oil, di- 
luted alcohol, the varnish of alcohol and resin, volatile oil of turpentine are the 
liquids made use of in these experiments, and through which the induced contraction 
takes place. I am always accustomed to let some drops of the liquid under experi- 
ment fall upon the muscle, and to dip the nerve of the galvanoscopic frog in the same 
liquid. The induced contraction still subsists even if a thin sheet of felt imbued 
with the above-mentioned liquids is interposed between the muscle and the nerve. 

The slight eonductibility of some of the liquids made use of (oil, oil of turpentine, 
varnish, &c.) has made me doubt whether the induced contraction would not subsist 
even in spite of the interposition of an absolutely insulating body. I assured myself, in 
fact, that across a layer, even very thin, of the said liquids, neither the muscular cur- 
rent nor the proper one was propagated. On holding the galvanoscopic frog in the 
hand, and causing its nerve to come into contact with a wetted paper that in any 
manner communicates with the ground, the contraction, as is wdUknown, is obtained. 
The same thing happens on touching widi the nerve of the galvanoscopic frog, the 
muscles either of a frog or of any other animal in communication with the earth. In 
all these cases it is always the proper current that circulates through the observer^ the 
ground, the touched body, and the galvanoscopic frog. Now if we wet the nerve of 
the galvanoscopic frog either in common oil, or in ml of turpentine, or in vamiriiy 
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the thin stratum that adheres to the muscle is sufficient to impede the circulation of 
the proper current. 

It is therefore indubitable that if an induced contraction is propagated through a 
stratum of the bad conductors mentioned^ this induced contraction cannot possibly 
be owing to a current generated in the contracting muscle^ and passing thence 
into the nerve of the galvanoscopic frog. 

Nevertheless these experiments wei'e so important for the theory of the phenome- 
non of induced contraction, that 1 desired to try the effect of interposing between the 
contracting muscle, and the nerve of the galvanoscopic frog, a still worse conducting 
body than those mentioned. The body that has served me in these experiments has 
been Venice turpentine nearly solid, and rendered more or less liquid by adding to it 
a little volatile oil of turpentine. Having smeared over the thigh of a frog with this 
mixture, and wetted the nerve of a galvanoscopic frog with it, f prepare the experi- 
ment as usual, and the induced contraction continues. To prove the bad conducting 
powers of the mixture made use of, I hasten to say, that if I apply one pole of the 
pile with which I excite the contractions upon the stratum of the insulating mixture, 
of course without penetrating to the muscle, and I touch with the other pole the 
nerve of the galvanoscopic frog, the contractions are not excited in it. It is therefore 
proved from this experiment that the induced contraction propagates itself through 
a stratum of an insulating substance that prevents the propagation not only of the 
muscular and proper currents, but also of that current which excites the inducing 
contraction. 

If the insulating stratum exceeds certain limits of thickness, and the mixture has 
not a convenient degree of fluidity, the induced contraction is wanting. It is how- 
ever impossible to determine within what limits of thickness in the stratum and flu- 
idity in the mixture this occurs ; it is sufficient for me to have established by expe- 
riment that in some cases the induced contractions are obtained, while there is in- 
terposed between the nerve and the muscle an insulating stratum which certainly 
arrests the muscular and proper current, no less than an ordinary voltaic current. • 

I shall say, finally, that I have never succeeded in obtaining the induced contrac- 
tion when using a solid body interposed, however thin it might have been chosen, 
and whatever might be its nature. For this purpose I used flakes of mica extremely 
thin^ flakes of sulphate of lime, gold leaf, paper smeared with glue, and leaves of 
vegetables. The induced contraction is always wanting. It is however a very 
curious, and I believe even important fact in its consequences, to obtain the induced 
contraction through the skin of the muscles of the inducing frog. The experiment 
never ficiils of success, whether the inducing contraction be excited by the electric 
current, or by any stimulus applied to the lumbar plexuses of the inducing frog. 

Having thus described a long series of facts relative to the circumstances that in- 
tervene in producing, in modifying, and in destroying the phenomenon^ of induced 
iContractioQ, it might be believed that with the .aid of these I might ascend to the 
physical theory of the phenomenon. 
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Unfortunately I am rather doubtful of it, and in this uncertainty I again beg the 
reader to follow me in the discussions that I shall be compelled. to make upon the 
different hypotheses that may be imagined by which to interpret the phenomenon of 
induced contraction. 

I. It is sufficient to have once seen the induced contraction originated by arousing 
the inducing contraction by any mechanical stimulus, to no longer have any kind ot 
suspicion that the electric current used for exciting the contraction is propagated to 
the nerve of the galvanoscopic frog*. How must we understand the induced con- 
traction of the second and third order ? How are we to explain the fact that the in- 
duced contraction is wanting (although the current may be applied as usual upon 
the lumbar plexuses of the inducing frog), only because by the section of the nerves in 
the thigh the inducing contraction is prevented, or at least greatly weakened ? Why 
is the induced contraction wanting when we apply the same current upon the nerves 
below the thigh in which there are no inducing contractions ? Why, when we act with 
a current upon the lumbar plexuses of a frog already weakened so as no longer to 
have the contmctions except at the beginning of the direct current or the cessation 
of the inverse, why in these cases alone is there induced contraction ? 

It is useless to continue to enumerate the objections that may be made to the in- 
terpretation of induced contraction by referring to the diffusion of the current exci- 
ting the inducing contractions, a diffusion that can in no way be physically con- 
ceived. 

II. It might be suspected that the induced contraction was the result of a mechar 
nical stimulus — of the shock of the inducing muscles, which, in their contraction, 
shake the nerve of the galvanoscopic frog. I have attempted many times (using 
extremely delicate galvanoscopic frogs) to produce motion in the muscular masses (tf 
the thighs in every possible way, and I never could see the galvanoscopic frog contract 
itself. If the occasion of the phenomenon were this shock, how could we explain 
the cessation of the induced contraction by the interposition of a very thin sheet of 
gold leaf or mica between the nerve and the muscle ? 

I have very many times tried to apply the nerve of the galvanoscopic frog upon 
plates of metal and glass, upon stretched membranes, upon cords of catgut while 
they were vibrating, and there was never any sign of contraction in the galvano- 
scopic frog. It is not then the shock of the muscle in contraction against the nerve 
of the galvanoscopic frog that occasions the induced contraction. 

III. It happens very rarely that the contraction in the galvanoscopic frog is ob- 
tained when the nerve is being stretched over the thigh of the other frog, and this 
even when both are perfectly insulated. It is however certain that every time that 
this happens the occasion does not fail to be discovered. It either consists in 

* Through excess of caution I have many times endeavoured to obtain the induced contraction by exciting 
the inducing contraction from the laceration of the spinal marrow by means of a fragment of glass ; the induced 
contraction has taken place as if the inducing contraction had been excited by the current^ or by any other 
stimulus. 



ON INDUCED CONTRACTIONS. 313 

the inside of the muscle being ancovered in some points^ or because the nerve of the 
galvanoscopic frog remains united to some piece of muscle, that folding back again 
touches the nerve when this is extended over the thigh. It has also appeared to me 
that sometimes these contractions occur when the tendinous extremities and the sur- 
&ce of the muscle and of the thigh touch two points of the nerve of the galvanoscopic 
frog. So let us say that the induced contraction takes place constantly in all cases 
in which, by the care taken, the above-mentioned circumstances that may awake the 
contraction of the galvanoscopic frog are verified. We know too that having cut with 
scissors the muscular superficies of the thighs, and rendered them thus quite uniform, 
the induced contraction continues, when the nerve of the galvanoscopic frog is ap- 
plied upon the new internal surface of the muscle. This induced contraction sub- 
sists even through the skin of the frog, and on interposing insulating liquid layers he^ 
tween the nerve and the muscle. We have seen that the insulating power of those 
layers was such as not to permit the circulation of the proper and muscular currents. 
How then can it be supposed that the induced contraction should take its origin 
from the above stated circumstances, even admitting that they may be rendered more 
active, or that they may be excited by the muscular contraction ? These circumstances 
reduce themselves to the phenomenon of a muscular current or of a proper current, 
which ought to traverse the nerve of the galvanoscopic (tog, while that nerve would 
be enveloped by a stratum of an insulating substance, which we have seen cannot be. 

IV. The first idea conceived by which to interpret the induced contraction, was 
that of an evolution of electricity which might accompany the muscular contraction. 
There is evolution of heat in the act of contraction ; and, according to the important 
observation of Quatrbfagb, which there is much necessity for repeating, in order to 
exactly establish its details, there would appear to be development of light in certain 
cases of muscular contraction ; so that analogy might lead us to infer the probability 
of the production of electricity by the muscular current : besides, the few experi- 
ments that I made when I discovered the induced contraction might very well be in- 
terpreted on this hypothesis. An insulating body, as a lamina of mica or varnished 
paper, when interposed, impeded the induced contraction : and it could not be other- 
wise. The same thing occurred even when a lamina of gold perfectly discharging 
the electricity, that it is supposed is produced by the contraction, prevented the 
nerve from being traversed by it. 

In spite of these first steps, which were flattering me into giving a very simple ex- 
planation of the induced contraction and were leading me at the same time to prove 
an important phenomenon in the muscular contraction, I am now constrained to 
entirely abandon this idea because it is contmdicted by experiment. 

In the beginning of this memoir, I referred at ail possible length to the many ex- 
periments made by which to examine if there is any augmentation of the muscular 
current, or of the proper one in the act of contraction. All my efforts have been 
useless, and I have been obliged to conclude that experience does not prove that the 
signs of the muscular or proper currents increase in the act of muscular contraction. 

MOCCCXLV. 2 T 
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We might believe it to be owing to an evolution of electricity independent of the 
muscular and proper current; but how can we suppose it so^ when we see that the 
induced contraction propagates itself through certain insulating strata, as turpentine, 
oil, &c., while it does not take place if we use an extremely thin plate of mica ? It might 
be supposed that the electricity developed in the muscular contraction could have acted 
by induction. In this hypothesis it is clear why the turpentine does not stop the In- 
duced contraction, but it still remains doubly obscure why with the extremely thin 
plate of mica this should take place. I have made an experiment by covering a 
galvanoscopic frog, placed upon a plate of glass, with a sheet of mica; the electric 
discharge of a jar passes between the knobs of the universal discharger upon the sheet 
of mica, and the contractions in the galvanoscopic frog are aroused. I shall not 
occupy myself at this moment in analysing these facts ; it is sufficient at present to 
prove that there must be induced contractions through the plate of mica if the occa- 
sion of the phenomenon were an electric discharge. I will add finally, that I have 
very many times attempted, and always uselessly, to awaken the contractions in the 
frog, by holding the nerve of the galvanoscopic frog near and almost in contact with 
a metallic conductor traversed by the electric current. 

To place myself in favourable circumstances that the induced current may be com- 
plete in the frog, I prepare it in such a manner that a long nervous filament (that is, 
one of the lumbar plexuses with its continuation in the thigh) may be uncovered. The 
frog is otherwise intact, and the two legs touch each other. I support the frog with 
silken threads, so that it may be horizontal, and that its nervous filament may be in 
contact and parallel with the voltaic conductor which is varnished. When every 
care is taken to insulate the frog, signs of contractions are never seen in it either at 
the closing or the opening of the circle of the pile. It is seen that by this disposition 
the induced circuit may take place in the frog. I have used a Bunsbn's pile of ten 
elements without any result. 

There is therefore given no experimental proof of that explanation of the pbooo- 
menon of induced contraction which admits an evolution of electricity in the act of 
muscular contraction. 

We are still ignorant of the cause of muscular contraction, and we know nothing 
of this phenomenon except that it occurs on acting even at a great distance from the 
muscle upon the nerve that ramifies within it; that this action requires for its propa- 
gation the integrity of the nervous filament from the point at which it is acted upon to 
the muscle ; that this propagation acts with a velocity which we cannot judge to be 
less than that of light and heat and electricity in their different media ; that that 
which modifies, augments, or destroys the complication of the physico-chemical 
phenomena comprehended in the nutrition of the muscles, operates equally upon its 
contractility under any stimulus affecting the nerves; finally, that the phenomenon 
of the contraction of a muscle ought to be understood, with the condition that what- 
ever be the cause of this phenomenon, it acts in accordance with the physical law of 
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elastic bodies. The phenomenon of induced contraction would seem to be a first fact 
of induction of that force which circulates in the nerves and which arouses muscular 
contraction. 

Admitting that we cannot give a satisfactory explanation of the phenomenon of 
induced contraction by recurring to electricity or any other known causes, as I think 
I have abundantly proved, it appears to me that we cannot, confining ourselves to 
a first fact, as is that of induced contraction, interpret it differently from what we 
have done. The induced contraction is only a new phenomenon of nervous force, a 
phenomenon of which we have given the principal laws in this memoir. It seems 
to me therefore more just to call that henceforth muscular induction, which I have 
hitherto called induced contraction. I shall conclude this memoir with some appli- 
cations of muscular induction to physiology. 

By the experiment described above (fig. 14.), it is proved that the muscular induc- 
tion is propagated in a nerve at the same time towards the two extremities — towards 
the muscle as well as towards the nervous centre. If the muscular induction not 
only acts upon the nerve in contact with the muscle but also through some inter- 
posed bodies, it is natural to admit that when a muscular mass enters into contrac- 
tion by the irritation acting on one of its nerves, the phenomenon of induction should 
occur in all the other nerves. And even wishing to yield for a moment to the analogies 
that exist between the electric current and the nervous force, we might be led to be- 
lieve that this induction should take place upon the excited nerve which is the cause 
of tbe contraction. Could we not perhaps from this deduce a physical explanation 
of a well-established physiological fact, that within certain limits the activity of the 
muscles increases in proportion as the contraction is aroused in them ? 

It also appears to me that a great number of those movements which occur in us 
and in animals independently of the will, but yet following others occasioned by the 
will, may be considered as phenomena of muscular induction. I leave to physiolo- 
gists the continuation of these studies, which appear to me worthy of all their in- 
terest. 

I shall terminate by citing an experiment which I think proves an action of this 
nature. Having prepared a frog in the ordinary manner, I cut one of the nerves 
that constitute one of the lumbar plexuses, and I divide it precisely at the point of 
exit from the vertebral column. Having extended the frog upon turpentine, I draw 
on one side the severed nerve, and I irritate it either with the current or with an 
alkali. Thus very strong contractions are produced in the thigh, and at the same 
time, if the frog is very lively, there are contortions in the back and movements in its 
superior limbs. 
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XIV. On the Temperature of^ Man. 
By John Davy, M,D., F.R.S.L. 8f E.^ Inspector^Oeneral of Army Hospitals. 

Received May 8,— Read June 19, 1845. 

It has been too generally taken for granted that the temperature of man in health, 
as measured by a thermometer placed under the tongue, is a constant one. I have 
endeavoured to prove from the results of observations, that this is not strictly correct ; 
that when not disturbed by disease it is subject to variation, to rise and fall under 
certain influences, especially of heat and cold, rest and exercise*. 

In the present communication I propose to submit to the Royal Society some 
further observations on the same subject, made with an instrument better adapted 
for the inquiry than the medical thermometer commonly used, and which has afforded 
results of a precise and satisfactory kind. 

The thermometer I have employed is a bent one, about twelve inches and a half long, 
its bulb about an inch long, and, where widest, half an inch thick ; its curvature about 
three and a half inches from the bulb, and its stem, to which the scale is attached, 
nearly at right angles to the bulb, so that when inserted under the tongue, the ob- 
server has no difficulty in distinguishing accurately the degrees himself, whether near- 
sighted or the contrary; in the latter instance using merely a common magnifying 
glass. Each degree of the scale is a little more than half an inch (6 inch), and is 
divided into ten parts ; and each of these parts is sufficiently large to admit of sub- 
division by the eye. 

It may be right to premise a few words regarding the manner of observing with 
this instrument ; and to notice some precautions which it is necessary to take to 
avoid error. 

First, as to the placing of the thermometer: it is requisite that the bulb should be 
introduced under the tongue, and as far back as possible ; and that whilst in the 
mouth, respiration should be carried on entirely through the nostrils. If the ther- 
mometer is placed in the side of the mouth, between the teeth and the cheek, the 
temperature indicated is from three-tenths to one-tenth of a degree less, according to 
the degree of coldness of the atmosphere. 

Next, as to time : it is necessary that the thermometer remain in the mouth many 
minutes, till the observer is sure that the maximum height is attained. If the mouth 
has been kept closed for a quarter of an hour previously, a shorter time is required, 
than if allowed to be open and the passage of respiration. This is well shown by 
trials with the thermometer raised a few degrees above the temperature of the mouth 

* Researches, Physiological and Anatomical, vol. i. p. 162 ; and Philosophical IVansactions for 1844, p. 61. 
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before introduction. In the one case, the thermometer slowly falls to the temperature 
of the mouth, and is stationary ; in the other case, after having fallen it again rises, 
continuing to rise till the maximum temperature of the closed mouth is acquired. 

The observations which I have made with this thermometer have been altogether 
on myself; it would have been difficult indeed to have made them on another, with 
the requisite degree of accuracy, as they are tedious, demanding so much time and 
care. They were begun in August last, and have been continued almost daily up to 
the present time, with the exception of the greater part of the month of October, 
when they were interrupted until a second thermometer could be procured to supply 
the place of the first, which was then broken, and which was even more delicate than 
the second. It was my intention to have extended them to a period of twelve months 
before collecting the results; but this I am not able to accomplish^ having received 
an order to prepare and hold myself in readiness for foreign service. Abroad I hope 
to be able to continue them, and as that will be in a tropical climate, I am the more 
desirous of communicating now the information I have already obtained ; the com- 
parison of the two sets may prove interesting. 

In conjunction with the temperature under the tongue, I have in most instances 
noticed the pulse and respiration, considering it a desideratum so to do, and with 
the hope that the observations on the latter may be useful data, and may in some 
measure tend to throw light on the former, there being such an intimate connexion 
between them. The posture in which the pulse and respiration have been counted 
has always been a sitting one. 

Of the many problems which might be proposed regarding the temperature of the 
body, I shall now only touch on a small number; and I shall be well-pleased if the 
information I have to give shall be considered merely as a contribution towards their 
solution, a beginning of an inquiry to be extended. 

1 . Of the Variation of Temperature during the twenty four hours. 

To endeavour to determine what is the extent of this variation, I have made on 
several occasions, observations every second or third hour, from the time of rising to that 
of going to rest, confining myself to the house during the whole time and to rooms of 
nearly the same temperature, the greater part of it, and vaiying but little my occupa- 
tion. The following for a single day will give a pretty accurate idea of the result : — 





Temperature 


Pulse. 


Respira- 


Temperature of 


• 




under tongue. 


& %>BO^^> 


tions. 


air of room. 




April 13. 7 A.M. 


98-5 


54 


15 


o 

49 


Just after rising. 


9 A.M. 


98-4 


74 


16 


53 


Just after breakfast 


1 1 A.M. 


98-4 


60 


15 


53 




2 P.M. 


98-7 


54 


15 


55 




4 P.M. 


98-9 


54 


15 


55 




5 P.M. 


98-7 


54 


15 


55 




^\ P.M. 


98-3 


62 


16 


57 


Shortly after diuner. 


7i P.M. 


97-7 


66 


15 


56 


Before drioking tea. 


U P.M. 


98-1 


52 


15 


64 




14. 1 A.M. 


97-6 


54 


15 


60 
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During the whole period^ I have almost constantly tried the temperature under the 
tongue on rising and before going to rest, and in many instances in the middle of the 
day, between 2 and 4 p.m., when the circumstances were favourable. These obser- 
vations I shall give in detail in tables appended ; here it may be sufficient to notice 
the mean of each month's observations. 





Temperature under 
tongue. 


Pulse. 


Respirations. 


Temperature of air 
of room. 


7-8 A.M . 


3-4 P.M. 


12 P.M. 


7-8 A.M. 


3-4 P.M. 


12 P.M. 


7-8 A.M. 


3-4 P.M. 


12 P.M. 


7-8 A.M. 


3-4 P.M. 


12 P.M. 


August .... 


98-7 


98-5 


98-0 


56-9 


52-5 


53-1 


15-3 


15-1 


15 


6i 


63 


67 


September . . 


98-8 


98-9 98-0 


59-3 


55-2 ' 


55-8 


15-5 


15 


15-4 


66 


63 


65 


November . . 


98-9 


98-6 


97-9 


57-8 


57-6 


54-5 


16-7 


17-1 


15-8 


51 


48 


64 


December . . 


98-7 


98-2 


97-9 


58-9 


55-2 


56-5 


15-7 


16 


15-4 


42 


47 


60 


January .... 


98-8 


98-07 


97-9 


58-7 


59-3 


57-9 


15-5 


15-3 


15-1 


45 


55 


60 


February . . 


98-6 


98-6 


97-9 


55-5 


54-4 


52-3 


15-5 


15 


15-1 


42 


48 


61 


March .... 


98-74 


98-59 


97-93 


57 


53 


54 


15-1 


15-1 


15 


46 


54 


60 


April 


98-66 


98-57 


97-88 ! 56-5 


54-8 


53-6 


15-4 


15 


14-8 


54-6 


59-8 


6S-4 




98-74 


98-52 97-92 57*6 


55-2 


54-7 


15-6 


15-4 


15-2 


50-9 


54-7 


62 



During this period, comprising eight months, the health of the observer (aged fifty- 
five) was pretty good, almost uninterruptedly so, excepting in December and January, 
when he experienced slight lumbago, not preventing the taking of exercise; and for 
a few days in November and January an attack of catarrh in a mild form. 

As I wish to be as concise as possible, I shall comment very little on the results of 
the summary of observations. They seem to prove in a decided manner that the 
temperature under the tongue, when under no disturbing influence, is about its maxi- 
mum after waking after the repose of the night ; that it continues high, but fluctu- 
ating more or less (probably owing to disturbing circumstances) till towards night- 
fall ; and that it is lowest about midnight. Its lowness at the last- mentioned time 
is the more remarkable, as the temperature of the room in which the observer sat at 
night was almost uniformly higher than of that which he occupied during the day. 

2. Of the Variation of Temperature during different seasons of the year. 

The following Table exhibits the mean results of the observations made during the 
eight months, at the different periods of the day, both of the temperature under the 
tongue and of the air of the room. 





Mean temperature 


Air of 




under the tongue. 


room. 


August .... 


98*4 


63-7 


September . . 


98-57 


64-7 


November . . 


98-47 


64-3 


December . . 


98-27 


49-7 


January 


98-36 


63-3 


February . . 


98-37 


50-3 


March .... 


98-42 


53-3 


April 


98-37 


56-5 
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These results give an average temperature of 98*4, that of the air being about 
55'5. They show a slight relation between the temperature of the body and of the 
air, but less perhaps than might be expected, and less unquestionably than would 
have been exhibited under circumstances not equally favourable for the preservation 
of an equable warmth, especially at night, in the uniform temperature of the sitting- 
room ; and when at rest, from warm bed-clothes, and during the day from sitting in 
cold weather near a fire, and from the clothing then, as well as at night, being varied 
with the degree of cold to be resisted, having in view the preserving of an agreeable 
feeling. The effect and perhaps best sign of the happy temperate mean in some facts 
which I shall have presently to bring forward, may aid in illustrating the remark 
just made. 

3. Of the Effect of Active Exercise on the Temperature. 

By active exercise, I mean that which occasions acceleration of the heart's action, 
and of respiration, and commonly a feeling of increased warmth, such as fast walking 
and riding, in contradistinction to the passive kind, as that which is taken in an easy 
carriage. 

The fallowing detail exhibits the results of observations made immediately after 
active exercise, in different months and under various circumstances : — 



August 16, 5 P.M. After fly-(ishiog by the river side, and riding about seven 

hours ; feet and hands warm 

August 17) 3 P.M. After a walk of three miles ; gently perspiring 

August IBO, 6 P.M. After fishing five hours; eently perspiring 

August 27 i 2 P.M. After a ride (pretty fastj of five niiles ; feet and hands 

warm 

August 29. 5 r.M. AAer a ride (pretty fast) of about fourteen miles ; sun 

powerful ; perspiring 

August 31, 12 M. After a ride of ten miles ; perspiring 

August 31,4 P.M. After an hour's walk ; sun powerful ; perspiring 

September 2, 1 2 m. After a walk of two hours ; the sun powerful ; perspiring 
October 30, 6 p.m. After a ride of ten miles (pretty fast) ; feet and hands 

warm 

November 16, 4 p.m. After fishing two hours ; slightly perspiring 

December 31,3 p.m. After riding and walking several hours ; feet and hands 

warm 

February 3. After a walk of seventeen miles ; moderately warm 

March 7, 5 p.m. After a mountain excursion on foot for several hours, and 

riding ten miles 

March 20, 3 p.m. After a ride of ten miles ; feet and hands warm 

March 31, 1 p.m. After two hours' fishing ; pleasantly warm 

April 2, 1 p.m. After riding ten miles; moderately warm 

April 11,4 P.M. After five hours' fishing ; not heated 

April 17) 2 P.M. After four hours* fishing ; slightly perspiring 



Tongue. 



PoIm. 



Resptra- 
tioiii. 



99-4 
99-0 
99*3 

98-7 

99*5 

99-1 
99-S 

99*« 

99-S 
98-9 

99-1 
99-1 

99-2 
98-9 
98-9 
98-9 
99-0 

99-2 



80 
70 
80 

58 

84 
60 
64 
64 

78 
62 

74 
98 

90 
66 
62 
62 
70 
84 



18 
16 
20 

16 

18 
16 
18 
18 

16 
18 

16 

17 
16 
16 
16 
16 
18 



Air. 



63 
66 
62 

64 

64 
65 
70 

72 

49 
55 

34 
32 

33 

37 
54 

54 
40 
55 



These observations, selected from a large number of similar bearing, show in a 
decided manner, that active exercise, not carried to the extent of exhausting fatigue, 
raises the temperature of the body ; and that the increase is, at least within a certain 
limit, proportional to the degree of muscular exertion made. 
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4. Of the Effect of Carriage Exercise on the Temperature. 

The observations which follow, were made immediately after getting out of the 
carnage, which was a close one, and its windows commonly closed ; and the dress 
worn, at the time of being out, was warm. 





Tongue. 


Palte. 


Betpintioii. 


Air. 


Nov. !?• 1 P»M. 


After a drive of 8 miles. 


9^7 


62 


18 


o 

63 


19' 3 P.M. 


After a drive of 10 miles. 


97-7 


48 


16 


48 


25. 2 P.M. 


After a drive of 10 miles. 


97-0 


66 


16 


44 


£7. 12 m. 


After a drive of 8 miles. 


97S 


66 


18 


4S 


30. 12 m. 


After a drive of 8 miles. 


97-4 


66 


16 


44 


Jan. 5. 5 p.m. 


After a drive of 7 miles. 


97-7 


60 


17 


3S 



Feet and hands cool, almost cold, as was experienced in all the preceding instances. 

These results are strongly contrasted with those given in the preceding section, 
showing the exalting effect of active exercise on the temperature. I have other 
results, equally proving how gentle exercise, in a cold atmosphere, has a depressing 
effect, whether taken in a carriage, on horseback, or on foot, walking slowly. 

5. Of the Effect of Exposure to Cold Air without exercise. 

The few observations I have collected on this point, have been made the instant 
after returning from an adjoining church, the temperature of which in the cold 
weather of winter is little above the freezing-point, no attempt being made to warm 
it, and the congregation which assembles in it at that season being small. 





Tong;ue. 


Pulie. 


Respintiont. 


Air. 


Nov. «4. 


1 P.M. 


9^o 


62 


16 


e 

42 


Jan. 12. 


1 P.M. 


97-1 


60 


16 


40 


Feb. 9. 


1 P.M. 


96-7 


48 


16 


33 


March 16. 


1 P.M. 


96-9 


44 


16 


32 



In each of the above instances, in spite of warm clothing, the sensation experienced 
by the observer was that of disagreeable chilliness, and in the feet and hands, of cold- 
ness ; a feeling of drowsiness was also perceived, as if the condition induced were an 
approach to the state of temperature of a hybernating animal, or to that which is 
probably the prelude to the sleep in the human being resulting from long exposure 
to severe cold without exercise. 

6. Of the Effect of Excited and Sustained Attention on the Temperature. 

The state of mind referred to is that accompanied with exertion, such as is expe- 
rienced in composition, or in reading a work of exciting interest. 

The observations which follow have been made entirely at night, after from two 
to five hours of sustained attention. Many more were made by day ; but these are 
not given, as they are not so well fitted for comparison. 
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Tongue. 


Pulse. 


Respirations. 


Air. 


Aug. 19* 12 P«M. 


98-45 


58 


15 


^8 


29. 11 P.M. 


98-5 


62 


16 


69 


Sept 23. 1 A.M. 


98-5 


54 


16 


65 


Nov. 26. 12 p.m. 


98-4 


56 


15 


60 


28. 12 p.m. 


98-7 


60 


16 


62 


Dec. 14. I a.m. 


98-5 


56 


15 


64 


20. 1 A.M. 


98-7 


58 


16 


60 


30. 1 A.M. 


98-0 


56 


16 


65 


Jan. 23. 1^ p.m. 


98-35 


60 


14 


61 


Feb. 3. 1 a.m. 


98-4 


60 


17 


60 


12. 12 p.m. 


98-2 


58 


16 


60 


21. 1 a.m. 


98-4 


54 


15 


60 


24. 2 a.m. 


98-4 


58 


14 


60 


26. 2 a.m. 


98-0 


56 


15 


60 


Mar. 4. 1 a.m. 


98-5 


56 


15 


60 


11. 12 p.m. 


98-5 


52 


14 


60 


14. 1 A.M. 


98-2 


54 


15 


61 


April 3. 12 p.m. 


98-4 
98-4 


58 


16 


68 



These observations show an increase of temperature after sustained exertion of 
mind. Though the increase is slight, yet I think it must be admitted to be decided, 
comparing the mean (98*4) with the average result of the observations (97*92) made 
at the same period of the twenty-four hours, when the attention was not roused, 
when it was rather in a passive indolent state, as in reading merely for amusement, 
or in the mechanical process of copying writing, both which seem to have, as is 
indeed generally believed, rather a sedative influence than an exciting one; and are 
to the former very like what passive bodily exercise is to active muscular exertion. 

7. Of the Effect of taking Food on the Temperature, 

The following observations were made after rising from the dinner-table, at which 
the observer commonly sat down at 5 o'clock, and partook pretty fully, using a 
mixed diet, — never taking anything between the breakfast and dinner-hour, — and 
using wine commonly at the latter meal, to the extent of three or four glasses, to the 
exclusion of malt liquor. 





Tongue. 


Pulte. 


Respirations. 


Air. 


Aug. 15. 7 P.M. 


98-2 






o 


22. 64 P.M. 
25. 6| P.M. 


97-9 


60 


16 


60 


98-1 


62 


15 


59 


27. 6^ P.M. 


98*4 


58 


16 


68 


28. 7 P.M. 


98-6 


76 


16 


68 


29. 7 P.M. 


98-3 


8S 


16 


63 


Sept 2. 6 P.M. 


98-5 


68 


18 


17 


3. 6 P.M. 


98-3 


60 


15 


70 


0. o P.M. 


97-8 


60 


15 


66 


22. 6i P.M. 


98-4 


70 


15 


55 


29> 6 P.M. 


98-5 


68 


16 


6S 


Nov. 16. 7 P.M. 


97-9 


68 


15 


60 


23. 7i P.M. 


98-1 


70 


18 


54 


Dec 21. 7 P.M. 


97-9 


70 


li 


63 


28. 7 P.M. 


97-7 


64 


15 


58 


-29. 8 P.M. 


98-0 


70 


15 


55 


Jan. 2. S\ P.M. 


97-9 


68 


15 


55 


Mar. 24. j5^ p.m. 


98*5 


66 


15 


58 




i 98-1 

1 


\ 


\ 


1 
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The majority of these results (the mean temperature of the whole being 98' 1) seem 
to prove^ that the amount of heat is reduced by a full meal. In the observer's case, 
as in most others^ drowsiness followed this meal, thus approximating the condition 
of the animal system to that which precedes sleep. On particular occasions, when a 
larger quantity of wine than usual was taken, the reduction of temperature was 
commonly most strongly marked. A light meal, such as that of breakfast, consisting 
of tea^ with a portion of toasted bread with butter, and often an egg, has had little 
effect in depressing or altering materially the temperature. It may be noticed^ as 
regards the habits of the observer, in connexion with the observations on temperature 
made at a late hour, that after dinner he never took solid food, only two or three 
cups of tea, and this about 8 p.m. 



The preceding observations, generally considered, appear to indicate clearly that 
the temperature of man, as determined in the manner described, is like the animal 
functions and secretions, constantly fluctuating within certain limits ; and like them, 
observing in its fluctuation a certain order, constituting as it were two series ; one 
regular, as the diurnal, connected with rest and refreshment from rest ; the other, 
casual or accidental, depending on varying circumstances of irregular occurrence, as 
exercise, mental exertion, exposure to heat, and the contrary. 

As the observations brought forward have been made on one individual, the infe- 
rences from them as regards extended application, can be held to be only probable, 
but probable, I cannot but think, in a high degree, the average temperature of the 
observer being nowise peculiar ; and the results moreover being what might be ex- 
pected reasoning on the subject, taking for data the proportions of oxygen which have 
been ascertained to be consumed, and of carbonic acid evolved in respiration, at 
different periods of the twenty-four hours, and under different circumstances. 

Should observations similarly made on others present the like results (and I 
cannot but be confident that they will), more particular inferences may be drawn 
from them, especially in conjunction with respiration and the heart's action, not 
without interest to physiology; and they may admit of important practical ap- 
plication to the regulation of clothing, the taking of exercise, the warming of 
dwelling-rooms, in brief, to various measures conducive to comfort, the prevention 
of disease, and its cure. A step in advance is made, if it is only determined, as I 
believe it to be, that in the healthiest condition of the system, there is danger attend- 
ing either extreme, either of low uniform temperature, or of a high uniform tempera- 
ture, and that the circumstances which are proper to regulate variability within 
certain limits, not prevent it, are those which conduce most to health, as well as to 
agreeable sensation, enjoyment and length of life. 

The Oaks, Ambleside, 
May 1, 1845. 
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Appendix. 

The Tables which follow, containing the monthly observations, require little 
additional explanation. It may be right to state, that they do not include the obser- 
vations made under the influence of accidental disturbing circumstances, as active 
exercise, &c., the most distinct of which have been given apart in a section appro- 
priated to them. The observations in these Tables, made under ordinary circum- 
stances, or nearly such, will, I believe, be useful for comparison with the former, and 
I would hope, for reference, in progress of inquiry. In most instances, it will be 
found on comparison, that an unusual elevation of temperature has been followed by 
unwonted depression, and vice versd. 



Date. 


Temperature under the 
tong;ue. 


Pulse. 


Respirationi. 


Temperature ( 


>f air. 


7-8 A.if . 


3-4 F.M. 


12p.if. 


7-8 A.M. 


3-4 P.M. 


12 P.M. 


7-8 A.M. 


3-ir.u. 


12 P.M. 


7-8 A.M. 


3-4 P.M. 


12 p.m. 


Aug. 6. 


9*8-3 


• • • • 


9^9 














o 


• 


o 


7. 


98*8 


• • < • 


98-2 


56 


• • • • 


54 


13 


• • • • 


15 


63 


• • > . 


68 


8. 


98-6 


98-5 


97'8 


56 


52 


52 


13 


14 


16 


63 


60 


66 


9. 


98-8 


• • • . 


98-2 


60 


.... 


62 


14 


. • . • 


16 


63 


.... 


70 


10. 


98-8 


• . • • 


97-8 


• • • • 


.... 


70 


. • . • 


• . • • 


14 


• • . • 


.... 


70 


11. 


98-5 


98-6 


98-0 


56 


50 


58 


14 


15 


16 


62 


59 


67 


12. 


98-6 


• • > • 


98-0 


• • . . 


• • • • 


58 


• . • a 


• • . • 


14 


• • . . 


. • ■ • 


68 


13. 


98-7 


98-5 


97-7 


69 


62 


58 


14 


15 


16 


61 


62 


68 


14. 


98-8 


98-7 


98-1 


56 


60 


52 


15 


16 


15 


62 


64 


61 


15. 


98-7 


• • • • 


. . • • 


58 


. . • • 


• . • • 


16 


• • . . 


• . . • 


64 






16. 


98-5 


98-5 


97-6 


56 


50 


50 


16 


14 


15 


63 


63 


63 


17. 


98-8 


98-5 


98*1 


54 


50 


50 


15 


15 


14 


62 


62 


68 


18. 


98-7 


98-4 


98-2 


68 


54 


56 


16 


15 


16 


60 


68 


68 


19. 


98-8 


98*4 


98-4 


66 


50 


58 


18 


14 


15 


60 


63 


68 


20. 


98-7 


• • • • 


97-9 


54 


. • • . 


58 


16 


• • • • 


15 


62 


• • • • 


68 


21. 


98*6 


• ■ • • 


98-0 


68 


. . • 


56 


16 


• . . • 


15 


62 


• • • • 


66 


22. 


99-0 


. • . • 


98-0 


56 


• • • • 


58 


16 


• • . . 


15 


60 


• • • • 


68 


23. 


98-6 


• • • • 


97-7 


58 


• • . . 


52 


16 


. . . • 


16 


60 


• • • • 


68 


24. 


98-5 


98-6 


97-8 


62 


50 


48 


16 


16 


14 


60 


61 


68 


25. 


98-7 


98-8 


98-4 


56 


54 


60 


15 


15 


16 


60 


54 


66 


26. 


99-0 


«... 


98-1 


68 


.... 


50 


15 


• • • ■ 


15 


60 


• • « • 


65 


27. 


98-7 


• • . • 


98-2 


54 


• • . • 


52 


15 


• • • • 


15 


60 


• • • • 


62 


28. 


98-7 


98-8 


98-1 


60 


54 


54 


15 


17 


17 


62 


72 


68 


29. 


98-8 


• • • • 


98-5 


54 


. . . • 


62 


16 


.... 


16 


61 


• • . • 


62 


30. 


98-9 


98-8 


97-7 


62 


54 


50 


16 


15 


16 


60 


63 


63 


31. 


98-7 


• • . . 


97-8 


62 


.... 


58 


16 


• • • . 


16 


65 


• . . • 


68 




98-7 


98-5 


98-0 


56-9 


52-5 


531 


16*3 


15-1 15 


61 


63 


67 
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D«e. 


tongue. 


Pulse. 


Reipintiona. 


Temperature 


rfair. 







3-4 r.M. 


12 VM. 


7-8 A.U 


3-1 P.K 


12 P.M. 


7-S A.M 


3-* P.M. 


12 r.u. 


7-«..^ 


3-1 1... 


12 P.M. 




Sept. J. 


98-7 


98-7 


97-8 


62 


56 


56 


17 


16 


15 


ft 


^7 


ft 




2. 


98-8 


98-7 


98-1 


54 


54 


54 


16 


16 


16 


68 


71 


68 




3. 


98-9 


98-7 


98-3 


58 


64 


54 


16 


16 


16 


70 


71 


68 




4. 


99-0 




98-1 


60 




48 


16 




14 


72 




70 




5. 


98-8 


98-6 


98-1 


62 


54 


61) 


16 


16 


15 


70 


68 


68 




6. 


98-8 






60 






15 







69 








7. 


98-7 


98-7 


98-2 


60 


60 


56 


15 


16 


16 


68 


68 


68 




B. 


98-8 


98-9 


97-8 


54 


60 




15 


15 


16 


62 


65 


64 




9. 


99-0 


99-0 


98-1 


58 






16 




15 


64 




64 




10. 


99-0 






60 






15 






64 








U. 






97-6 


.... 
















67 




12. 


98-7 




98-2 


56 






16 




15 


62 




64 




13. 


98-8 


98-8 


98-1 


66 


52 




16 


17 


16 


62 


60 


68 




U. 


99-0 


98-7 


98-0 


62 


52 




16 


16 


15 


61 


60 


60 




15. 


99-0 


99-0 


98-2 


66 


5» 




16 


IS 


17 


63 


60 


69 




!6. 


98-8 




97-9 


66 






16 




15 


62 




68 




17. 


98-6 




97-7 


64 






15 




16 


62 




68 




18. 


990 




98-4 


63 






17 




14 


62 




61 




19- 


99-0 


99-0 


97-9 


64 


60 




15 


16 


16 


60 


62 


63 




80. 


99-0 




98-3 


5S 






IS 




16 


60 


.... 


58 




21. 


99-1) 




98-1 


60 






16 




15 


58 





58 




22. 


99-0 


990 


98-5 


54 


48 




15 


16 


16 


58 


55 


65 




23. 


99-0 




97-7 


56 




as 


16 




14 


65 




68 




24. 


98-7 




98-3 


64 




66 


14 




15 


58 




63 




25. 


99-2 


.... 


97-2 


58 




48 


16 


.... 


16 


63 




66 




26. 


98-3 


99-0 


98-3 


58 


66 


5^ 


16 


16 


16 


58 


58 


67 




27. 


98-9 




98-0 


58 




60 


16 




15 


60 




68 




S8. 


98-6 




97-7 


60 




62 


16 




14 


62 




69 




29. 


98-6 


98-9 


98-3 


54 


56 


62 


16 


16 


16 


69 


63 


68 




30. 


99-0 




.... 


56 


.... 




16 






58 










98-8 


98-9 


98-0 


59-3 


55-2 


55-8 


15-5 


16 


,5-4 


66 


63 


65 
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Date. 


Temperature under the 
tongue. 


Puke. 


Respiration 


S. 

12 P.M. 


Temperature of 


air. 


7S A.lf . 


3-4p.m. 


12 r.M. 


7-8 A.M. 


3-4 p.mJ 


12 p.m. 


7-8 A.M. 


3-t P.M. 


7-8 A,M. 


3-4 P.M. 


12 p.m. 


Nov. 1, 


. 98-76 


98-8 


97-6 


54 


58 


• • . . 


16 


1 
17 i 16 


o 

63 


o 

54 


^2 


2, 


. 98-8 


98-5 


97-7 


60 


58 


54 


17 


18 16 

1 


52 


44 


60 


3. 


. 98-6 


98-5 97-9 


52 


48 


1 « 


16 


17 17 


50 


55 


65 


4. 


> 98-7 


. • • • «7# «7 


66 


• • • • 


70 


16 


.... 16 


61 


• • • • 


66 


5, 


> 98-9 


.... 97-6 


64 


• • • • 


i 52 


16 


... 16 

1 


52 


• • • • 


68 


6. 


. : 99-2 


1 98-0 


66 


— 


58 


17 


• • • • 


16 


50 


• • • • 


63 


7 


' 98-7 

1 


98-7 98-3 


5» 


58' 


58 


16 


16 


16 


51 


46 


62 


8. 


. * 99-5 


.... 97-8 

1 


63 


a • . • 


54 


17 


.... 


17 


62 


• • • • 


66 


9 


. ; 98-8 


• ••■ «•«• 


6S 


• . . . 


• ■ . . 


16 


1 
1 


51 


.... 


• • • • 


11 


. ' 99-3 


98-3 1 97-8 


62 


61 


50 


17 


17 


15 


52 


54 


68 


12 


. 98-6 


98-7 : 98-2 

1 


60 


56 


52 


17 


17 


16 


47 


40 


65 


13 


. 98*8 


98-7 


98-1 


56 


62 


54 


16 


17 ' 16 


52 


50 


62 


14. 


. 98-6 


.... 


98-0 


58 


.... 


58 


16 


• • > • 


16 


61 


.... 


64 


15. 


. 98-8 


98-7 97-9 


56 


56 


60 


16 


17 


17 


54 


55 


63 


16, 


. 98-9 


98-9 


97-7 


56 


62 


58 


15 


18 


15 


55 


55 


68 


17. 


. 98-7 


• • • • 


97-5 


52 


• • • • 


52 


18 




15 


63 


• • . . 


65 


18. 


. : 98-6 


1 

1 

• » • • j .... 


54 




• • . . 


15 




a • • • 


66 




• • « • 


19. 


. 99-1 


i 98-2 


60 




56 


17 




16 


65 




66 


20. 


. 99-1 


.... 


98-1 


56 




56 


17 




15 


55 




65 


21. 


. 98-9 


• . • • 


98-0 


60 




58 


17 




15 


55 




62 


22. 


. 99-0 


.... i 98-0 


60 




56 


16 




14 


55 




66 


23. 


. 99-0 


98-2 


60 


• • • • 


62 


16 




16 


63 




65 


24. 


. 99 


98-2 


58 




62 


16 




16 


52 




64 


25. 


. 99-2 


..... 98*1 


56 




56 


17 




16 


48 




60 


26. 


. 98-8 


9 • » • 


98*4 


54 




56 


15 




15 


44 




60 


27. 


. 98-7 


• • . • 


97-4 


60 




50 


16 


.... 1 16 


43 




62 


28. 


. 98-6 


• • ■ • 


• • 9 • 


54 




• • • • 


17 




- • • • 


48 




■ • • • 

1 


29. 


. 99-2 


.... 98'2 


54 




60 


16 


17 

1 


49 




64 


30. 


. 99-0 


.... 97-4 

1 


54 




56 


17 


• ■ • • 


16 


46 




62 




98-9 


98-6 


97-9 


57-8 


57-6 


54-3 


16'7 


17-1 


15-8 


61 


48 


64 
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Date. 


Temperatare under the 
tongoe. 


Polte. 


Respirations. 


Temperature of air. 


7-8 A.M. 


^^P.M. 


12 P.M. 


7-8 A.1C. 


3-4 P.Ma 


12 PaM. 


7-8 A.if . 


3-4 P.M.' 12 p.m. 

1 


7-8 A.M. 


3-4 P.M. 


12 P.M. 


Dec. 1. 


98-7 


98-6 


98-3 


62 


58 


60 


1 

17 


16 16 


o 

50 


o 

54 


6"*. 


2. 


98-8 


• • • • 


• • a • 


64 


• • • • 


• • a a 


16 


t 

• ••• •••• 


48 


. • • . 


. . a • 


3. 


• • ■ • 


• • • • 


97-0 


• • a a 


• a ■ • 


56 


. • a a 


.... 15 


• • • • 


• • • • 


62 


4. 


98-7 


98-7 


97-7 


56 


60 


60 


16 


19 


15 


44 


32 


58 


5. 


98-7 


• a • • 


98-2 


58 


• • • • 


58 


16 


• • • • 


15 


40 


• . ■ ■ 


62 


6. 


989 


97-8 


98-3 


56 


56 


60 


16 


17 


16 


38 


43 


60 


7. 


98-6 


98-0 


98-2 


56 


54 


60 


15 


16 


14 


36 


47 


62 


8. 


98-6 


98-4 


98-1 


56 


: 60 


54 


16 


16 


16 


38 


43 


60 


10. 


98-4 


98-2 


97-9 


56 


54 


52 


16 


16 


16 


40 


44 


62 


11. 


98-5 


• • • • 


• • a a 


58 


• • • • 


• m » » 


16 


. . • • 


• ■ • • 


40 


. . . • 


» m » % 


13. 


98-6 


• • • • 


98-6 


58 


• • • ■ 


56 


17 


. • • . 


15 


38 1 .... 


64 


14. 


98-4 


• • • • 


97-9 


60 


• • • • 


58 


16 


. a . • 


16 


40 


• • • • 


58 


16. 


99-0 


98-6 


98-3 


63 


64 


56 


16 


15 


16 


42 


48 


62 


16. 


98-4 


97-9 


98-1 


56 


56 


66 


16 


15 


.16 


42 


58 


60 


17. 


99-0 


97-7 


98-0 


60 


50 


58 


15 


17 


14 


45 


50 


64 


18. 


98-7 


• • ■ • 


98-2 


60 


• • • • 


58 


15 


• . a a 


16 


45 


• • • . 


62 


19. 


98-8 


• • • • 


• • . . 


58 


. • a • 


» » m » 


16 


• a • ■ 


• • • • 


45 


• • • • 


a • . a 


20. 


98*8 


98-0 


97-fi 


64 


56 


54 


15 


16 


15 


43 


43 


65 


21. 


98-6 


• a • • 


98-2 


58 


a . • • 


50 


15 


• • • • 


15 


43 


. • • ■ 


58 


22. 


98-8 


98-4 


97-8 


52 


52 


62 


16 


15 


14 


43 


50 


66 


23. 


98-9 


• • • • 


97-9 


60 


■ a • a 


54 


15 


• . a • 


16 


43 


• • • • 


62 


24. 


98-6 


• at* 


98-S 


60 


• • . . 


54 


15 


. • • . 


15 


a . • • 


. • • . 


65 


25. 


99-2 


• • • • 


• • 1 • 


60 


• • • • 


• . • • 


15 


• • a a 


. • • • 


43 


• • • • 


• • • • 


26. 


98*8 


98-4 


98-3 


58 


64 


52 


16 


17 


15 


41 


34 


50 


27. 


98-5 


• • • • 


97-7 


58 


• • • • 


66 


16 


• . • • 


16 


43 


• • • a 


• • • • 


28. 


99-3 


98-7 


97-5 


66 


58 


fiS 


16 


16 


15 


41 


53 


65 


29. 


98-2 


98*6 


98*0 


50 


62 


56 


16 


15 


16 


45 


58 


55 


30. 


98-8 


98-9 


97-3 


60 


62 


66 


16 


15 


16 


43 


58 


58 


31. 


98-5 


• • • • 


98*0 


58 


• • a • 


• • • • 


16 


• . . • 


. a • . 


43 


• • • . 


55 


■ 


98-7 


98-2 


97-9 


58-9 


55-2 


56-5 


15-7 


16 


15-4 


42 


47 


60 
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Date. 


Tempentore upder tlie 
tongue. 


Pnlte. 


Bespintions. 


Temperature of air. 


7-8 A.if. 


S-4p.if. 


12 P.M. 


7-8 A.M. 


3-4p.if. 


12 P.M. 


7-8 A.M. 


S-4P.M. 


12 p.m. 


7-8 AM. 


S-4 P.M. 


12 r.M. 


Jan. ] . 


98-5 


o 

• • • • 


97-5 


58 




58 


16 




15 


o 

40 


o 


o 


2. 


98-4 


• « • • 


• • • • 


54 




• • ■ • 


16 




• • • • 


42 






3. 


99-0 


• • • • 


97-9 


64 




58 


16 




17 


42 


• • • • 


55 


4. 


98-8 


• • • • 


• • • • 


66 




. • . . 


17 




16 


48 




• • • . 


5. 


99-1 


• • • • 


98-7 


64 




60 


18 




16 


46 




56 


6. 


99-7 


• • • • 


98-1 


70 




66 


18 




• a • . 


48 




66 


7. 


100*0 


98-9 


98-1 


72 


60 


52 


18 


17 


16 


50 


58 


65 


8. 


99-1 


• • • • 


98-1 


6» 


• • • • 


56 


16 




15 


49 




68 


9. 


99-0 


t • ■ • 


98*3 


60 




60 


16 




16 


46 




61 


10. 


99-1 


98*6 


98*3 


60 


58 


54 


)6 


15 


16 


46 


53 


60 


11. 


98-7 


• • • • 


97-4 


56 




58 


14 




14 


47 




60 


12. 


98-7 


• • • • 


98-0 


54 




60 


14 




16 


47 




64 


13. 


98-9 


98-7 


98-1 


52 


60 


62 


16 


14 


16 


46 


53 


61 


14. 


99-2 


• • • • 


97-9 


66 




60 


14 




15 


46 




66 


15. 


98-8 


• • • • 


97-7 


58 




56 


14 




16 


47 




64 


16. 


98-7 


• • • • 


97-7 


56 




60 


16 




16 


47 




62 


17. 


98^ 


• • • • 


98-1 


64 




60 


15 




14 


47 




62 


18. 


98-9 


• • • * 


98«2 


60 




68 


15 




14 


47 




66 


19. 


98-8 


• • • • 


97-8 


60 




66 


14 




15 


47 




60 


20. 


98-8 


• • • • 


98*0 


96 




54 


15 




14 


44 




60 


21. 


98-7 


• • • • 


97-9 


58 




62 


16 




16 


44 




63 


22. 


9-88 


• • • • 


97-9 


60 




60 


16 




14 


47 




63 


23. 


98-8 


• • • • 


• • • • 


56 




• • • • 


16 




.... 


47 




.... 


24. 


98-9 


• • • • 


97^3 


58 




54 


15 




15 


49 


h 


68 


25. 


98-6 


• • • • 


• « . • 


54 




• ■ • • 


15 




• • • • 


47 




• • • • 


26. 


98*6 


• • • • 


98-1 


58 




62 


15 




16 


48 




66 


27. 


98-7 


• • • • 


97'9 


98 




54 


15 




14 


45 




62 


28. 


99-0 


• • • • 


97-6 


62 




58 


15 




15 


43 




62 


29. 


98*5 


• • • • 


97-9 


56 




56 


15 




15 


42 




60 


30. 


98-5 j .... 


98-S 


66 




58 


14 




15 


41 




60 


31. 


98-8 


• • • • 


97-9 


60 




62 


16 




16 


38 




62 




98-8 


98-07 


97-9 


58'7 


59*3 


57'9 


15-5 


15*3 : 15*1 


46 


55 


60 
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Date. 


Temperature under the 
tongfue. 


Pulse. 


Respirations. 


Temperature of air. 


7-^ A.1I. 


3-4P.M. 


12 P.M. 


7-8 AM. 


3-4 P.M. 


12 P.M. 


7-8 A.M. 


3-4 P.M. 


12 P.M. 


7-8 A.M. 


3-4 P.M. 


12 P.II. 


Feb. 1. 


o 

98*8 


o 
• • • . 


97-6 


60 


• • • • 


62 


16 


.... 


15 


o 

39 




• • • a 


6i 


2. 


98-6 


98-7 


• • . • 


60 


62 


* * • . 


16 


14 


• • • • 


38 


48 




3. 


98-7 


• • • • 


. * • • 


60 


• • • • 


• * • • 


16 


• • • • 


• • • • 


41 






5. 


98*6 


. • • • 


• • • • 


64 


• • * * 


• • • * 


18 


# • # • 


• • • • 


44 






6. 


98-8 


• • . • 


97-9 


66 


• • • • 


64 


16 


• • • • 


16 


43 


.... 


60 


7. 


98*6 


. . • • 


98-1 


66 


• • • • 


62 


14 


• • « • 


16 


39 


• •■ . . 


60 


8. 


98-9 


• • . • 


98-0 


62 


• • • • 


64 


16 


• • • • 


16 


40 


• • . • 


60 


9. 


98-1 


98*5 


97*9 


62 


56 


64 


14 


16 


16 


38 


60 


61 


10a 


98-7 


98-9 


97-7 


64 


68 


62 


16 


16 


16 


40 


48 


60 


11a 


98-7 


• % • • 


97-7 


66 


• • • • 


64 


16 




16 


40 


• • • • 


60 


12. 


98-7 


V • • • 


98-S 


60 


• • • • 


68 


14 




16 


40 


.... 


60 


13. 


98*4 


• « • • 


98'2 


60 


• • • • 


64 


16 




16 


40 


■ • • • 


60 


14. 


98*2 


98-4 


97-8 


60 


64 


64 


17 


16 17 


41 


48 


63 


16. 


98*8 


• • • • 


97-6 


64 


• • a « 


64 


17 




16 


43 


■ . . . 


60 


16. 


98-6 


98-7 


98-1 


64 


62 


62 


16 




16 


43 


48 


62 


17. 


98*6 


• • . • 


98-2 


64 


• • • • 


60 


16 


16 


16 


44 


.... 


60 


18. 


99-0 


. • ■ . 


98'S 


68 


• • ■ • 


66 


16 




16 


46 


.... 


60 


19. 


98-7 


4 • * * 


97-7 


66 


• • • • 


48 


16 




16 


44 


.... 


60 


20. 


98-7 


• • • * 


• • • • 


62 


• • • • 


• • • » 


16 


• • • . 


• • » • 


46 






21. 


98-8 


. . • • 


98-1 


62 


• • • • 


68 


14 


.... 


16 


46 


• . • • 


60 


22a 


99-0 


. . • • 


97-4 


60 


• • • • 


60 


16 


.... 


16 


44 


• • • . 


6S 


23. 


98-6 


. • • • 


98-3 


68 


• • • • 


62 


16 




16 


43 


a • . . 


62 


24. 


98*3 


a • • • 


97-8 


68 


• • • • 


64 


16 




16 


42 


• • . . 


62 


26a 


99-0 


• . • « 


97-9 


66 


« • * • 


60 


16 




16 


43 


.... 


62 


26. 


98-3 


• • • . 


98-0 


66 


• • • • 


60 


16 




14 


46 


.... 


62 


27. 


99-0 


• • • • 


97-8 


68 


• • • • 


62 


16 




14 


47 


• . . • 


62 


28. 


98-7 


• • • ■ 


98-5 


64 


• • # • 


60 


16 




16 


47 


• . • . 


60 




98-6 


98-6 


97-9 


66-6 


64-4 


62-3 


16-6 


16 


16-1 


42 


48 

1 

1 


61 
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Date. 


Temperature under the 
tongue. 




Pulse. 




1 

1 

1 Respirations. 


Temperature < 


of air. 


7-8 A.M 


.3-4 p.if. 


12 P.M. 


7-8 A.M 


. 3-4 P.M. 


12 P.M. 


7-8 A.M. 


. 3-4 P.M. 


12 P.M. 


7-8 A.M. 


. 3-4 P.M. 


12 p.m. 


March 1. 


> 99-0 


98-6 


97-6 


58 


56 


58 


16 


16 


t 

16 


45 


o 

52 


60 


2.; 99-1 


98-7 


97-9 


: 58 


52 


46 


16 


15 


16 


44 


55 


60 


3.: 98-5 


1 
• . . • 


: 98-5 


i 52 

1 


• • • • 


56 


15 


...» 


15 


47 


• * • • 


60 


4. 


99-0 


98-3 


98-0 


60 


54 


54 


15 


16 


15 


45 


52 


60 


5.' 98-6 


• • • • 


98-0 


- 58 


• • • • 


66 


17 


.... 


15 


43 


.... 


60 


6. 99-0 


• • • • 

1 


98-2 


60 


• • a • 


54 


16 


• • • • 


15 

1 


43 


.... 


60 


7.' 990 


i 

; . . . . 


98-0 

1 


' 60 


• • • ■ 


: 64 


14 


.... 1 15 


44 


i . . . . 


6S 


8. 99-2 


.... 


; 98-1 


; 60 


.... 


1 60 


16 


i 
.... 15 


46 


j 

• • • • 


60 


9. 99-1 


98-7 


i 98-0 


1 60 


48 


54 


15 


15 


15 


48 


54 


! 58 


10. 99-0 


■ • • • 


: 97-5 


60 


• • • • 


54 


16 


• • • • 


15 


48 


• • • • 


60 


11.' 98-8 


• • • • 


97-9 


i 56 


• • • • 


48 


15 


• • • • 


14 


47 


- • . • • 


58 


12. 98-4 





97-7 


54 


• • • • 


56 


16 


• • • 


14 


47 


• . . . 


61 


13. 98*8 


• • • . 


98-2 


60 


• • • • 


54 


15 


■ • • • 


15 


43 


. . • ■ 


61 


14. 98-6 


. . • . 


97-9 


54 




46 


14 


• • • ■ 


14 


44 


.... 


58 


15. 98-2 


• . • . 


97-5 


54 


• • • • 


60 


14 


• • • • 


14 


42 


.... 


62 


16. 98-7 


• • . • 


98-1 


58 


• • « • 


62 


15 


• • • • 


14 


43 


.... 


58 


17. 98-6 


. . • • 


98-0 


60 


• • • • 


52 


15 


• • • • 


15 


40 


• • . . 


58 


18. 


98-5 


98-7 


98-0 


62 


58 


48 


15 


15 


15 


43 


53 


60 


19. 


98-5 


• • • • 


98-4 


56 


• • • • 


54 


14 


• • • • 


15 


43 


• • • • 


58 


20. 98-6 


1 
• • • • 


97-5 


54 


• ■ • • 


54 


15 


• • • • 


15 


42 


• • • • 


60 


21. 98-8 


98-6 


98-1 


54 


50 


50 


14 


14 


14 


44 


53 


60 


22. 


99-0 


98-5 


97-8 


56 


54 


54 


15 


15 


13 


48 


58 


60 


23. 


99-0 


. • • • 


97-8 


58 


• . • « 


52 


15 


.... 


14 


50 


.... 


61 


24. 


98-7 


.... 1 


98-0 


58 


.... 


48 


15 


. • • • 


13 


53 


• • . • 


58 


25. 


98-4 


• • . . 


98-0 


54 


. • • • 


48 


14 


• • • . 


14 


52 


.... 


60 


26. 


98-4 


.... ; 

1 


98-2 


54 


• . • a 


60 


15 


• . » • 


15 


51 


• • . . 


6S 


27. 


98-8 


1 

• • • • 


97-8 


60 


. • • 


52 


15 


• « • • 


16 


52 


.... 


64 


28. 


98-7 


! 
• • • • 


98-3 


54 


• • • • 


54 


16 


• . . . 


15 


50 


.... 


64 


29. 


98-7 


• • • • 


97-3 


56 


.... 


54 


14 


.... 


14 


50 


• « • . 


65 


30. 


98-6 


98-6 


97-8 


55 


52 


48 


15 


15 


15 


51 


54 


62 


31. 


98-6 


• • • * 


97-5 


54 


.... 


54 


15 


15 


51 


.... 


63 




98-74 


98-59 


97-93 


57 


53 


64 1 

1 


15-1 


15*1 t 15 

1 


46 


&4 
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Date. 


Temperature under the 
tongue. 


7-8 A.M. 


Pulse. 




Respirations. 


Temperature of air. 


7-8 A.M. 


3-4 P.M. 


12 P.M. 


3-4 P.M. 


12 P.M. 


7-8 A.M. 


3-4 P.M. 


12 P.M. 


7-8 A.M. 


3-4 P.M. 


12 P.M. 


April 1. 


98-3 


e 
• . . . 


98-0 


58 


» • • • 


58 


16 


• . • • 


15 


e 

53 


o 


62 


2. 


98-7 


98-8 


97-7 


58 


58 


52 


15 


16 


15 


63 


6s 


64 


3. 98*8 


.... 


97-7 


56 


• • • • 


48 


15 


• • • • 


14 


55 


• • . . 


62 


4. 


98*8 


• ■ * • 


97-8 


54 


• • • ■ 


60 


15 


• • • • 


14 


58 


.... 


64 


5. 


98-9 


• • • * 


98*1 


60 


• • • • 


64 


15 


• • • • 


16 


58 


.... 


64 


6. 


99-8 


98-8 


97-9 


62 


60 


50 


15 


15 


15 


55 


61 


62 


7. 


98-8 


98-8 


98-« 


54 


56 


56 


14 


16 


16 


58 


61 


63 


8. 


98-5 


* • . ■ 


97-9 


56 


• • • . 


56 


15 


• • * • 


15 


58 


. • • • 


61 


9. 


98-6 


• • . * 


98-1 


60 


• • * « 


58 


14 


• • • • 


15 


64 


.... 


62 


10. 


98-5 


98-3 


98-0 


62 


52 


62 


14 


14 


15 


52 


52 


63 


11. 


98-7 


• • • • 


97-6 


60 


• • • • 


54 


14 


• • • • 


15 


51 


• • • • 


63 


12. 


98-4 


• • • • 


97-9 


56 


• • • • 


50 


15 


• • • • 


15 


49 


• • • • 


69 


13. 


98-5 


98-7 


97-6 


54 


54 


54 


15 


15 


15 


49 


55 


60 


14. 


98-7 


• • . . 


98-0 


56 


• • . • 


54 


15 


• . > . 


14 


52 


.... 


60 


15. 


98-6 


98-8 


. . . • 


56 


60 


• • • • 


15 


14 


• • • • 


49 


58 




16. 


98-4 


• • • . 


97-7 


58 


• • • • 


52 


15 


• • • • 


15 


52 


• • • • 


62 


17. 


98-8 


• . • . 


97-8 


56 


• • • • 


50 


15 


• « • • 


14 


56 


• • • • 


58 


18. 


98-4 


98-8 


98-1 


60 


54 


54 


15 


15 


15 


60 


60 


66 


19. 


98-7 


98-6 


97-6 


60 


52 


50 


15 


16 


15 


58 


60 


62 


20. 


98-7 


• . • . 


98-3 


58 


• • . • 


54 


15 


• • • • 


15 


60 


. • • • 


64 


21. 


98-7 


• a • • 


97-3 


58 


• . . • 


56 


16 


■ • • • 


13 


60 


. . . • 


62 


22. 


98-4 


98-1 


980 


60 


66 


50 


16 


15 


15 


62 


65 


64 


23. 


98-5 


• • • • 


97-7 


56 


• . • ■ 


54 


15 


. ■ . . 


15 


62 


. . . • 


62 


24. 


98-7 


98-2 


97*7 


58 


52 


52 


16 


16 


15 


64 


64 


66 


25. 


98*6 


98-4 


97-9 


64 


52 


52 


16 


15 


16 


65 


63 


62 

i 


26. 


99-0 


• • • • 


98*0 


58 


• • • • 


50 


15 


• • • • 


14 


62 


• • • • 


62 


27. 


98-8 


98-8 


97-9 


54 


52 


50 


15 


14 


15 


60 


57 


63 


28. 


98-6 


• • • • 


• • • • 


58 


• « * • 


. . • . 


16 


• . . . 


• • . . 


58 






29* 


• . • • 


98"3 


98-2 


• • • • 


54 


52 


• • • • 


15 


15 


• • • * 


60 


64 


30. 


98-9 


98-7 


98-2 


58 


56 


48 


14 


15 


14 


58 


58 


65 




98-66 


98'57 


97-88 


56-5 


64*8 


53*6 


15-4 


15 


14-8 


64*6 


59*8 


62*4 
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XV. Contributions to the Chemistry of the Urine. On the Variations in the Alkaline 

ff 

and Earthy Phosphates in the Healthy State , and on the Alkalescence of the Urine 
from Fixed Alkalies. By Henry Bence Jones, M.A.j Cantab. ^ Fellow of the 
College of Physicians. Communicated by S. Hunter Christie^ Esq.^ Sec. R.S. 

Received January 23, — Read June 19, 1845. 

On the Variations of the Earthy and Alkaline Phosphates in a healthy state of Urine. 

jUaVING observed the occurrence of a great excess of earthy phosphates in the 
urine in some cases of disease, and having made frequent examinations as to the 
quantity present on successive days, I found so great a discrepancy, that it became 
necessary before any further progress could be made to ascertain the variations in 
the amount of earthy phosphates in the urine of a healthy man, and, if possible, to trace 
the causes which determined the presence of an excess or deficiency of these salts in 
the urine. At the same time it was thought desirable to note the variations which 
the alkaline phosphates presented in the same water, and to see if they were influ- 
enced by the same, or by different causes. 

A healthy man taking food twice daily, with moderate exercise for three hours, was 
the subject of the following experiments. The method followed was to take the 
specific gravity of the urine, if ever it was not strongly acid adding a drop or two of 
hydrochloric acid. Then from a weighed quantity, usually about 1000 grains, to 
precipitate the earthy phosphates by means of pure ammonia, to filter, wash with 
ammoniacal water, and heat them to redness, adding at last a drop or two of nitric 
acid. Thus the earthy phosphates were determined. 

The alkaline phosphates were estimated by taking usually about 500 grains of urine, 
adding an excess of chloride of calcium and then pure ammonia ; by this means all 
phosphoric acid was precipitated as phosphate of lime ; this was filtered, well-washed, 
and heated to redness with nitric acid ; by deducting the previously determined earthy 
phosphates, the difference was considered as alkaline phosphate*. 

Though neither the calculation nor the method were perfectly accurate, yet they 
answered well for the purposes of comparison ; and in disease the short delay before a 
result was arnved at which might determine the diagnosis, and sometimes the treat- 

* The formation of a small quantity of carbonate of ammonia and the precipitation of some sulphate of 
lime, which even long washing cannot entirely remove, make the result too high. The equivalent of lime 
being less than that of soda tends to reduce the error. It must be remembered that the phosphoric acid is pre- 
cipitated in combination with three equivalents of lime. 
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Spec. gr. 
1022-8 

1027-3 
1017-4 

1027-2 
1029-9 
1025-5 

1 028-0 
1025-5 

1028-2 
1034-3 

1029-3 
1033-2 



Alkaline phoBphates. 

6-50 per 1000 urine. 

5-45 

401 

7-26 
6-06 
3-64 

8-10 
6-67 

8-22 
5-94 

7-75 

4-72 



ment^ was a matter of considerable importance ; a few hours being usually all that 
were required to tell in what excess or deficiency the phosphates might be present. 

I. (1.) Breakfast on bread and meat with coffee at 9^ o'clock. Dinner at 6 : meat, 
potatoes, and little bread. 

Earthy phosphates. 

Water passed 6 o'clock, evening -32 per 1000 urine 

10 o'clock, evening -97 

6 o'clock, morning -81 
(2.) Food as before. More exercise. Dinner at 7 

7 o'clock, evening "37 

1 1 o'clock, evening 1 -22 
5 o'clock, morning 1-41 

(3.) Food as before. Still more exercise. 

7 o'clock, evening -75 

12 at night 129 
(4.) Food as before. Exercise very great excess. 

7 o'clock, evening -21 
1 at night 1'85 

(5.) Food as before. Exercise much less. 

7 o'clock, evening "35 
1 at night 1-91 

Average mean of five days. Long after food, and soon after exercise. 

Spec. gr. 

Earthy phosphates *40 per 1000 urine 1 027*9 
Alkaline phosphates 7'56 1027*9 

From this five days' experiment, it appeai-s that the earthy phosphates are greatly 
increased in the water secreted soon after food ; the quantity varying after dinner 
from 1-91 per 1000 urine, specific gravity 1033-2, to -97 per 1000 urine, specific 
gravity 1027*3; the mean of all the experiments being 1*45 per 1000 urine, specific 
gravity 10300. 

The earthy phosphates are far less in the water secreted a long time after food; 
the quantity varying from '21 per 1000 urine, specific gravity 1028*2, to -75 per 1000 
urine, specific gravity 1028-0; the mean of all the experiments being "40 per 1000 
urine, specific gravity 1027*9. 

The alkaline phosphates are in excess in the water secreted a long time after food 
and soon after exercise ; the quantity varying from 8-10 per 1000 urine, specific gravity 
1028-0, to 6'50 per 1000 urine, specific gravity 1022*8; the mean of all the experi- 
ments being 7'56 per 1000 urine, specific gravity 1027*9. 

The alkaline phosphates are far less in the water secreted soon after food ; the 
quantity varying from 6*67 per 1000 urine, specific gravity 1025-5, to 4*72 per 1000 
urine, specific gravity 1033-2 ; the mean of all the experiments being 5*77 per 1000 
urine, specific gravity 1030-0. 



Soon after food with perfect rest. 

Spec. gr. 

1-45 per 1000 urine 1030-0 
5-77 1030-0 
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(6.) A child twenty months old, fed on bread with some meat and milk, gave in 
the water passed during the day, — 

Earthy phosphates. Spec. gr. Alkaline phosphates. 

•32 per 1000 urine. 1012'2 400per 1000 urine. 

(70 On the same food. 

Earthy phosphates. Spec. gr. Alkaline phosphates. 

•33 per 100 urine. 1017-4 4-60 per 1000 urine. 

II. I next endeavoui'ed to ascertain on what the variations depended, and first with 
regard to food. For three consecutive days bread alone was taken with water, tea 
and wine, at the same hours as in the previous experiments. 

(8.) The first day brown bread only. 

Earthy phosphates. Spec. gr. Alkaline phosphates. 

6J o'clock, evening -27 per 1000 urine 1026*7 7-89 per 1000 urine 
11 at night. 1-37 10300 639 

(9.) The second day no analysis was made. The third day white bread only. 

Earthy phosphates. Spec. gr. Alkaline phosphates. 

6 o'clock, evening ^37 per 1000 urine 1024*7 8*19 per 1000 urine 

11 o'clock, evening 1-86 10321 556 

(10.) Meat only was taken for three days with water, wine, and tea. First day 
exercise very little. 

Earthy phosphates. Spec. gr. Alkaline phosphates. 

6 o'clock, evening ^42 per 1000 urine 1024*3 4*04 per 1000 urine 

1 1 o'clock, evening Ml 1 02 1 -9 4*21 

(11.) Tlie second day no analysis was made. The third day exercise rather more. 

Earthy phosphates. Spec. gr. Alkaline phosphates. 

6 o'clock, evening "48 per 1000 urine 1024*7 5*06 per 1000 urine 

1 1 o'clock, evening -8 1 1 024^8 4-3 1 

(12.) Meat only for dinner with distilled water, and tea with distilled water. 

Earthy phosphates. Spec. gr. 

5^ o'clock, evening "33 per 1000 urine 1025*7 

9 J o'clock, evening 67 1026*5 

From the comparison of these numbers with the previously given average, it ap- 
pears that the earthy phosphates are not materially influenced by a diet of meat or 
diet of bread ; that they are in excess after either is taken ; and that even when animal 
food and distilled water alone were taken there was after food a decided increase, 
though the quantity was considerably below the average. 

That the alkaline phosphates were in excess when bread alone was taken for food ; 
and when meat alone was taken there was' a considerable falling ofi^ in the amount 
excreted. 

2 y2 
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The next point was the effect of exercise. 

(13.) Nothing was taken from dinner on the previous day to dinner this d^y ; both 
roeals consisted of mixed diet of meat^ bread, and potatoes. The exercise was mo- 
derate, between three and six o'clock. 

Earthy phosphates. Spec. gr. Alkaline phosphates. 

12i o'clock -45 per 1000 urine 1026-1 2*96 per 1000 urine 

3 o'clock -48 10260 292 

6 o'clock 1027' 1 total phos. per 1000 urine 477 

lOi at night 1*02 1027*6 3'99 

(14.) Nothing was taken since dinner on the previous day until dinner at six; 
mixed diet with more bread. Exercise also greater between 3 and 5^ o'clock. 

Earthy phosphates. Spec. gr. Alkaline phosphates. 

3 o'clock -36 per 1000 urine 1026-4 569 

6 o'clock 1 027' 1 total phos. per 1 000 urine 778 

10 J at night 137 1032-5 5-50 

(15.) Nothing was taken since dinner on the previous day^ which consisted of meat 
only^ with distilled water and wine. Very strong exercise was taken between 3 and 
5^, the pulse always above 100. 

Earthy phosphates. Spec. gr. Alkaline phosphates. 

Hi o'clock -62 per 1000 urine 10229 3-04 

3 o'clock -36 1026-9 436 

5^ o'clock 1 028*9 total phos. per 1000 urine 6-81 

In these experiments, the water^ which was secreted longest after food, was not in 
sufficient quantity to admit of the determination of the earthy as well as alkaline 
phosphates. In all the experiments which were previously made, the exercise was 
always most between 3 and 6 o'clock, and yet at this time the earthy phosphates were 
always present in smallest quantity; so that the quantity of earthy phosphates does 
not appear to be quickly influenced by exercise. 

The total quantity of phosphates which was found in the water secreted longest 
after food, and during strong exercise, was about one-third more than the total 
quantity previously present. This considemble increase so long after food, leads to 
the conclusion that the amount of alkaline phosphates is influenced by exercise, 
though, as appears from the previous experiments, not to the same extent as by the 
kind of food which is taken. 

III. I pass now to the influence of different medicinal substances on the amount of 
earthy phosphates excreted. 

(16.) Breakfast as before, at 9 o'clock. 15 grains of chloride of calcium taken 
in about an ounce of distilled water at 3 o'clock. 

Earthy phosphates. Spec. gr. 

3 o'clock -30 per 1060 urine 1024-6 

5^ o'clock -22 1016-4 
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(17.) Experiment repeated. 

Earthy phosphates. Spec. gr. 

3 o^clock -67 per 1000 urine 1024'4 

5^ o^cloek -52 I020'8 

(18.) Breakfast^ bread only. 22 grains of chloride of calcium taken at ^ to 1 
o'clock. 

Earthy phosphates. Spec. gr. 

i to 1 o'clock M8 per 1000 urine 1028-6 

3 o'clock 1-08 1026-2 

(19.) Breakfast, bread and meat. 35grs. of chloride of calcium in 1^ ounce of 
water at ^ to 1 . 

Earthy phosphates. Spec. gr. 

\ to 1 o'clock 1-23 per 1000 urine 10268 

3 o'clock 1-26 1023-8 

5i o'clock 1-08 1022-3 

lOi at night 1-82 1030-1 

(20.) Breakfast, bread and meat. No chloride of calcium taken. Dinner as before 
at 6, chiefly meat. 

Earthy phosphates. Spec. gr. 

3 o'clock -60 per 1000 urine 1027-4 

6 o'clock -36 1027-0 

11 at night 97 10327 

From these experiments 15 grs. of chloride of calcium in an ounce of water pro- 
duced nO; or very little^ effect in two hours and a half; 22 grs. in rather more water 
produced an increase in two hours and a quarter ; 30 grains produced a still more 
marked increase in tlie same time, and the effect continued to be perceptible for at; 
least ten hours. 

(21.) Breakfast as before, with rather more meat. 30 grains of dry sulphate of 
magnesia were taken at 1 o'clock in about an ounce and a half of distilled water. 

Earthy phosphates. Spec. gr. 

1 o'clock water -82 per 1000 urine 10266 

3 o'clock water -27 10260 

6i o'clock water -36 10258 

(22.) Breakfast at 9 as formerly. 40 grains of dry sulphate of magnesia taken ia 
about two ounces and a half of water at a |^ to 1 o'clock. 

Earthy phosphates. Spec. gr. 

\ to 1 o'clock water -88 per 1000 urine 1029-3 

3 o'clock water -74 1031*0 

5 J o'clock water "90 1029*3 

9i o'clock water 164 10323 

(23.) A patient of Dr. Seymour's in St. George's Hospital bad taken senna with 
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about two drachms of sulphate of magnesia in the morning, which did not act on the 
bowels ; at 1 2 beef-tea and bread. 

Earthy phosphates. Spec. gr. 

3 o'clock 2-99 per 1000 urine 1027'6 

A second experiment with the same urine, at the same time, gave nearly the same 
result ; the alkaline phosphates were only 1"45 per 1000 urine, specific gravity 1027*6. 
(24.) Another patient of Dr. Seymour's in St. George's Hospital, who had taken 
senna and salts in the morning, with beef-tea and arrow-root for dinner, gave 

Earthy phosphates. Spec. gr. 

2-93 per 1000 urine 10262 

The quantity of sulphuric acid present in this urine 

=3'21 per 1000 urine, specific gravity 1026*2 
The amount given by Becquerbl is = '95 1018*9 

The quantity stated by Becquerel is hawever below the average. 

From these experiments, 30 grains of dry sulphate of magnesia in an ounce and a 
half of water produced no, or very little, effect in two hours. In four hours and a 
quarter the efifect was distinctly visible. 40 grains in two ounces and a half of water 
produced a visible efiect in two hours and a quarter, and a still more marked effect in 
four hours and three quarters. The effect continued to be perceptible for 9f hours 
after the medicine was taken. 

As compared with the previous experiments, though the quantity taken appears to 
have been more, the effects seem not to have been so strongly marked ; but in fact 
less of the base was taken in the last than in the previous set of experiments, for 
30 grains of chloride of calcium are equivalent to 15*1 grains of lime, 
40 grains of sulphate of magnesia are equivalent to 13*6 grains of magnesia. 
As sulphate of magnesia is one cause of increase in the amount of earthy phosphates 
precipitated by ammonia, and as this salt also interferes in analyses regarding the 
quantity of sulphuric acid which is thrown out of the system, any means of knowing 
when it has been given as a medicine may be valuable. Most frequently it is pre- 
scribed with infusion of senna, which communicates a greenish yellow colour to the 
urine. This colouring matter, whether it has passed through the system or not, I 
find has the property of becoming of a deep red on the addition of an excess of any 
alkali, though it is most bright with ammonia. The red colour disappears again on 
neutralizing the alkali by an acid. It has a strong affinity for phosphate of lime. If 
rhubarb is taken, a less bright colour is given by the same reagents. I have lately 
found that Sir E. Home in some of his experiments on absorption used the reaction 
of potash on tincture of rhubarb because it is so remarkable*. 

(25.) Breakfast as before. 46 grains of dry magnesia taken at 10 o'clock. It had 
no action at all on the bowels. 

* Philosophical Transactions, 1808, p. 45. According to the researches of Schlossbeboxb, this reaction is 
caused by chrysophanic acid which exists in the rhifbarb.— Annalen der Chexnie, vol. 1. p. 214. 
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Earthy phosplutea. 

'90 per 1000 urine 


Spec. gr. 
1026-7 


•69 


1027-8 


1-19 


1029-6 


r48 


1028-0 


2-69 


1032-8 


f magnesia taken at ^ to 1 . 


It did not act 


Earthy phosphates. 

1*79 per 1000 urine 


Spec. gr. 
1030-4 


1-19 


1032-2 


1-69 


1032-3 


2-44 


1034-5 


i taken. 


• 


Earthy phosphates. 

1*00 per 1000 urine 


Spec. gr. 
1030-3 


•69 


1031-4 


1-39 


1031-6 



1 1^ o*clock, water acid 
1^ to 1 o'clock, water alkaline 
3 o'clock, water alkaline 
6^ o'clock, water very acid 

1 o'clock, water very acid 

(26.) Breakfast as before. 30*8 grains 
on the bowels. 

^ to 1 o'clock, water acid 
3 o'clock, water acid 

io'clock, both acid 

9 J o'clock, water very acid 

(27.) Breakfast as before. No magnesia taken. 

3 o'clock 
6 o'clock 
9^ o'clock 

Hence 45 grains of magnesia produced no increase in the phosphates in two houi*s 
and three quarters ; in five hours there was a marked increase ; in seven and a half 
hours there was a still further increase, which was very marked at the end of twelve 
hours, and fi*om the large quantity of earthy phosphates present the following morning, 
perhaps the magnesia had not ceased to act in twenty-four hours. 

30*8 grains of magnesia produced no evident increase in two hours and a quarter ; 
in four hours and three quarters the increase was marked, and after eight hours and 
three quarters it was quite perceptible. From the analysis of the urine after twenty- 
six hours, it seems probable that the magnesia had not then ceased to influence the 
amount of earthy phosphates. 

(28.) Water of the same child as (6.) and (70 15*4 grains of magnesia taken 
about 7i o'clock. Did not operate until after last water was passed. Food as before. 

Earthy phosphates. Spec. gr. 

11 to 1 o'clock, water alkaline *62 per 1000 urine 1025-3 
3 to 5 o'clock, water acid r57 per 1000 urine 1027*7 

(29.) Same child. Food as before. No magnesia. 

Earthy phosphates. Spec. gr. 

2 to 5 o'clock, water acid -36 per 1000 urine 1018-5 

(30.) Same child. 19*3 grains of magnesia at 8 o'clock. Medicine acted about 
three o'clock. 

Earthy phosphates. Spec. gr. 

11 to 1 o'clock, water neutral '45 per 1000 urine 1014*4 

3 to 5 o'clock, water acid '80 101 7' 1 
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The conclasions from these experiments 

I. As regards variation in the phospbates. 

The earthy phosphates soon after food were foiind to vary from 1*91 per 1000 urine^ 
specific gravity 1033*2, to '9? per 1000 urine, specific gtavity 1027*3, 

Long after food they vary from *21 per 1000 urine, specdfic gravity 1028*2 to *7& per 
1000 urine, specific gravity 10280. 

The alkaline phosphates long after food, and soon after exercise, vary from 8*10 
per 1000 urine, specific gravity 1028*0, to 6*60 per 1000 urine, specific gravity 1022*8. 

Long after food the quantity varies from 6'67 per 1000 urine, specific gravity 1025*5, 
to 472 per 1 000 urine, specific gravity 1033*2. 

II. As to the causes of the variation. 
{a.) As regards food. 

The earthy phosphates were not materially influenced by a diet of meat or of bread. 
They were in excess after either was taken ; but on distilled water and meat alone, 
the excess was considerably below the average^ 

A long time after food the earthy phosphates were greatly diminished. 

The alkaline phosphates were present in greatest quantity when bread alone was 
taken for food ; when meat alone was taken, the deficiency was more marked than 
the excess with bread alone was. There was the most marked difierence when the 
bread diet was compared with the meat diet. 

(6.) As regards exercise. 

Exercise produced no marked effect on' the earthy phosphates. 

On the alkaline phosphates exercise caused an increase of nearly one-third the 
amount previously excreted. This difference is not so great as that between bread 
and meat diets ; so that probably thcmgh teereise has some influence, the kind of 
diet has a greater influence. ' ♦ . 

III. As to the tSkct of medical substances on the earthy phosphates, 
(a.) As regards chloride of calcSdm. 

15 grains of chloride of calcium produced no, or very little, efTect in two hours and 
a half. i. . ' 

22 grains lu nifhef -more water produced a very decided Increase in two hours and 
a quarter. ■ '^ - 

30 grains produced a still mbrfe marked increase in tbe akm^ time, and the eflect 
continued to be jkstxreiytible for teh hours. 

(6.) As regards sulphate of magnesia. •• ^ 

30 grains of sibilphiate of mag^i^ia in I^J water produced no, or very little, effect 
in two hours ; in four hours and a qutirter'ah increase was distinctly visible. 

40 grains in 2^1 ^of %attr produced tf V6ry slight effecJt in two hoArs and a quarter ; 
in 4f hours an increisi^' was very disfmet, and continued to be perceptible fi>r nine 
hours. ^ ' • - - ■'■ ■■'■.... 



(c.) As regards cafcttied magnesia. ^" "^ 
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45 grains of magnesia produced no effect in two hours and three quarters ; in 
five hours there was a marked increase ; in seven hours and a half a still greater 
increase, which was very marked at the end of twelve hours, and possibly continued 
for twenty-seven hours to influence the amount of earthy phosphates. 

30'8 grains of magnesia produced no increase in two hours and a quarter ; in four 
hours and three quarters the increase was very evident ; and after eight hours and - 
three-quarters it was still very marked ; and after even twenty-six hours it still in* 
creased the amount of earthy phosphates in the urine. 

These last experiments give the explanation of the rapid increase of phosphatic 
calculi, and of the enormous quantities of earthy matter discharged, when magnesia 
or lime-water have been taken in calculous affections. They show that these sub- 
stances, having probably combined with different acids, pass off by the urine, and 
when this latter is alkaline react on the phosphate of soda, and thus increase con- 
siderably the amount of earthy phosphates in the deposit. 

The result of these experiments is, that the amount of earthy phosphates precipitable 
by ammonia, depends chiefly on the amount of earthy matter taken into the body ; 
and that the amount of alkaline phosphates is also most chiefly influenced by diet ; 
yet that there is an additional cause constantly acting in the state of health, namely 
the production of phosphoric acid by the changes in the tissues of the body. And 
as in disease some of these tissues may be more particularly engaged, so then may 
the amount of alkaline phosphates point out the character, and declare the nature of 
the structure which is the seat of the affection. 

On Alkalescence of the Urine from Jixed Alkali. 

The cases in which the urine is alkaline may be divided into two classes. In the 
one the alkalescence arises from volatile alkali, and in the other from fixed alkali. 
In the first it is caused by carbonate of ammonia, and in the second by carbonate of 
soda, or potash, or alkaline phosphate of soda. Decomposition of urea is the origin 
of the one, and disordered secretion of the other. 

Whenever alkalescence arises, the earthy phosphates, whatever their quantity, are 
generally precipitated ; and hence the expression phosphatic diathesis, a term which 
makes no distinction between the different kinds of alkalescence, nor between cases 
in which the earthy phosphates, sometimes for below their average quantity, simply 
appear in consequence of their insolubility in alkaline fluids, and cases in which a 
vast excess of earthy or alkaline phosphates is being excreted. 

The object of the present paper is to point oot the fact and the value of the distinc- 
tion between the different kinds of alkalescence. 

M. Pblouzb has shown bow rapidly 4^omposing mucus effects the conversion of 
urea into carbonate of ammonia. Irritation of the mucous membrane may give rise 
to mucus which produced this change, and in consequence the blue colour will be 
restored to reddened litmus paper if dipped into urine containing such mucus ; or if 
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blue paper be used, this, whilst wet, will retain its colour; but if the test-paper b$ 
left to dry in either case it will be found that a change takes place. From the rec|- 
dened litmus paper first used the blue colour will disappear^ whilst the blue paper^ 
when quite dry, will become red in consequence of a slight decomposition of the am*- 
moniacal salt. This decomposition I have elsewhere shown to be the result of the 
evaporation of all ammoniacal solutions, and thus a ready and easy way is. afforded 
of determining ifi any case of the alkalescence of the urine^ whether it is cause0r by 
some ammoniacal salt, or whether it results from the presence of some fixed alkaU*. 

It not unfrequently happens that alkalescence is caused by fixed alkaline salts in 
those who, though not ill, yet suffer from indigestion whilst leading sedentary lives. 
I have more especially observed it where the octahedral crystals, usually supposed to 
be oxalate of lime, have been present. After a breakfast consisting chiefly of bread^ 
in an hour and a half the water passed may be found healthily acid to test-^iaper, bat 
that which is next passed, that is, from two to four hours after breakfast, will have 
an alkaline reaction. Frequently blue test-paper will be found, when dry, tp undergo 
no change from the action of such urine. It will remain of nearly as deep a blue aa 
before when the fluid has perfectly evaporated. This urine when passed will, thongh 
alkaline, often be perfectly clear, and if it be heated a granular precipitate will jOsdl, 
the fluid becoming turbid from the deposit of earthy phosphates, which dissolve in 
dilute hydrochloric acid, usually without any effervescence. 

Such a precipitation by heat takes place when the urine is not even neutral. .. It 
may be slightly acid. When boiled a precipitate falls, and if thg fluid is then tested 
it is found to be more acid, than before. If such a deposit from acid urine is left to 
become cold, the earthy phosphates are found to he partially, and sometimes even 
entirely redissolved, being again ^ precipi table by boiling, and again partially or en- 
tii*ely dissolving on cooling. « 

If such urine as I have mentioned is passed alkaline and thick from deposit, it 
^ill be found, ijf immediately examined by the microscope, to be entirely granular 
(Plate V. fig. 2), the supposed form of phosphate of lime. Dilute hydrochloric acid, if 
added occasionally causes an effervescence, which in some cases arises from some 
alkaline carbonate in solution*. 

If tiie alkalescent or neutral urine is left for some houi*s, the surface becomes 
covered with an iridescent pellicle (fig. 1). This examined with the microscope 
eontained here and there a long prismatic crystal, but the pellicle itself consisted of 
plates covered with spots of amorphous deposit. Some of these were triangular, 
some quadrilateral, some with regular and others with a ragged margin. The iri- 
descence depended on these plates, which probably consist of phosphate of lime, as 
in some cases not a single prismatic crystal has been visible. 

in some who suffer' from indigeistion the deposit of amorphous phosphate is con- 

* TbMjaieti^odf however, I have found to hjl when much urate of ammonia and only a amaU quantity of 
fixed alkali chanced to be present 
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stantly seen abont three hours after break fest, and very rarely at other times. In 
ilthers the alkalescence of the arine is frequently observed, but the deposit is rare; 
iHillst in others the deposit by heat from acid urine is very frequently to be found ; 
add alkalescence is seldom to be detected by test-pajier in the water secreted from 
tWo to four hours after food, and these three' states often alternately occur in the 
same case. 

Dr. Andrews of Belfast stated to me, that having observed a case otherwise in 
perfett health, in which th6 urine was almost invariably alkaline about two bdurs 
lifter Vre&kfest, so iiiuch so ias frequently tobe loaded with a deposition tf^phospbates 
wfailbt still in the bladder, he was led to obiierve the nriiie of about fifteen students 
In ^od health immediately after it was voided about noon. He found it Co he alkal 
frne ih about two-thirds of the cases. Whether this tendency to alkalescent urine 
infty, as Dr. Andrews thinks, be connected with the immunity enjoyed by the inha* 
bitants of his district from calculous aftecttons, or whether alkalescence at this period 
of th^ day is' fhr more general everywhere than hAs been supposed, fhture observations 
rtiu^t determine. 

At the present time I know five physicians « in whom the above phenomena at this 
period of the day are more or less frequently "Visible in a greater or lesser degree ; 
and iifi London this alkalescence will be found in those wlio are considered generally 
healthy much oftener than is imagined. 

Supposing that acid phosphate of soda was the cause of the acid reaction of healthy 
urine, it was thought that some explanation of the deposit oh boiling might be gained 
by observing the behaviour of phosphate of lime and phosphate of magnesia with 
phosphate and biphosphate of soda. Pure solutions of these salts and of chloride of 
calcium, and sulphate of magnesia were used, and the following results obtained. 
The deposits were exaniined with a magnifying power of S20 times. 

Chloride of calcium gave no immediate precipitate with a strong solution of acid 
phosphate of soda. If left to stand many hours; a crystalline* precipitate formed 
(fi^. 3). When boiled no cloudiness was observed, if the quantity of pliosphate of 
lime present was small; but if much was in solution, a crystalline pi^clpitate fell on 
boiling; and when cold, if filtered and again boiled, a very small crystalline precipi- 
tate was occasioned, which did not entirely redissolve on eooling. 

When a solution of biphosphate of soda Is mixed with chloride of calcium, an 
immediate precipitate is caused by a drop Or two of any alkali, and this is crystalline 
(fig. 3), or granular (fig. 2), or these mixed according to the quantity of alkali added, 
that is, according as much or little of the acidity of the solution is removed. 

If this precipitate was separated by filtration and the clear liquid boiled, a deposit 
fell which was at first gelatinous (fig. 2), the fluid becoming more acid to test-paper. 
The precipitate, if the solution was very acid, changed into the crystalline form 
^fig. 8), and partly dissolved on cooling. 

If chloride of calcium was added t6 common phosphate of soda, a plentiful granular 
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precipitate fell (fig* 3). This i*einained granular or cfaaBged 4nto tbe crystalUae^foitin 
(fig. a), acoording as the phosphate of soda was or was not in excess. If the •chloride 
of calciom was added in excess, the fluid became acid to test-paper ; the precipitate 
was at first gelatinous, but changed after some honrs into crystalline, the fluid be- 
coming less acid after some time. If phosphate of soda was in excess^ die precipitate 
remained of a mixed granulai* and crystalline appearance, containing some crystals 
tint more grimnlar phosphate of lime {fig. 4). 

: If common phosphate of soda was poured drop by drop into chloride of calcMmi 
a precipitate fell, which was at first gelatinous (fig* 2), the ^nid ; t>ecatiiiiig. strcn|^ 
acid to test-paper ;; if left to stand, the precipitate became crystaUine Xfig^ A)9 aftd at 
length lost some or all its acid reaction, which it reacquired again on boitiag; 

If common .ptK)spbate of soda was dropped into solution of nitrate of Mme in excess, 
the result was the; same gelatinous granular precipitate first forming, the same acid 
reaction, and the same change into the crystalline form on standing. 

If any of these precipitates were separated by filtration, and the dear liquid boiled, 
a further slight precipitation occurred, which was granular (fig. 2)* If the plio^ 
phate of soda was not in excess, the boiling caused an increase in the aoid reaction 
of the liquid. The precipitate which falls when chloride of calcium is -added to 
jdiospbate of soda, completely dissolves in solution of biphosphate of soda. Sueba 
solution, if heated, gare a plentiful precipitate when boiled ; this was granular, land 
partly dissolved on cooling ; but if a jgreat excess of biphosphate of soda waa added, 
the'precipitate was much. less, and crystalline; and if filtered, but little precipitate 
again; fell on boiling. 

If sulphate of: magnesia was added to a solution of biphosphate of soda, no fireci** 
pkate fell ; nor on boiling did any change occur. If but little alkali w«». added, no 
precipitation occurred on boiUqgs if rather more, a small, highly crystalline puscl- 
pitate £ell (fig. 6) ; if still more, heat threw down a plentiful gelatinoas granularfqass 
(fig. 2), which most rapidly dissolved on cooling. 

If sulphate of magnesia was added to common pbospbateof soda, little or no pre- 
cipitate occarred, but if boiled a gelatinous precipitate fell; tbis dissolved as the 
fluid cooled. Under the microscope it was seen to be amorphous (fig. 2). If it was 
in such excess as not entirely to redissolve on cooling, a few drc^s of bipboqAate 
immed^tely made the liquid clear. Tbis, if boiled, gave a plentilul precipitate, and 
more quickly dissolved on cooling than before. If the liquid was very acid from 
biphosphate of soda, a slight crystalline precipitate fell^ consisting of minute rliomlric 
crystals, similar to those which were seen in the experiment with biphosphate of sodfi 

(fig.fl). 

If a solution of phosphate of soda was dropped into an excess of sulphate of mag- 
nesia, after long standing a crystallisation of small needles took place (fig. 6), but 
the fluid did not become acid to test-paper : nor if dropped into an excess of ecriution 
of chloride of magnesium was an acid reaction perceptible. 
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itf>toi.|Mirfi9etl]r healthy and strongly aoid^ nrine & drop or two o£a solttUon of.ohlo»«> 
rideioficalcinni is added^ no. precipitate falla^ .cXfttheraoidity ia lessened by Any alkali^ 
QAiboiltng a gttinular precipitate is occasiciiied.iThiSy^w the orine is still acid, 
is fbftLyiori entirely fiedisaolYedMi cooling; or if .alkaline, litimediatelydissdlves^ in 
dilute hydrooUoiic acid without any trace of effervescence. i^ 

^iBdwaenitln^e and five hmirB*aftec:food;.«tTrbii^ time the earthy phodpbates are 
always in excess, if healthy acid urine whieh gives- nb deposit on: boiling 'has some «of 
its Msistyvemovediby; fined alkalies5>or aikadine- phosphate, atlclpositttadLestfiktte'^n 
bd^g,tand tkie it abrays granalari the ftold 'becommg more acid tbttn^ before/ * 
i;If>to siicbalkalit^ urine as is plu»ed thick ifcoai eactby^ phospihate a little bipboo^ 
phate of soda is culded, the phosphate ^edissalves; and if nhe biphos{Aate is not 
added iuTexoeds the earthy phosphates .cam be precipitated by iieiat^-the reaotion be- 
doming mooei acid ; but if an excess be ^ added;, the fluid reinauia perfectly <6lear on 
boiling. :■■' * ■• " ■ - ^ ■ \ '5;.: ••; . ■■ • ' ' ■■' * 

itTbtfielsitliett tJieiilodest coincidence ibetween the deposits of earthy phosphates iin 
som6]6tates 4>f the uriiie^. and their deposit from solntions of the phosphates of Soda ; 
and >tbe tsiiaie method which is followed for obtmning a precipitate of ^larthy phos^ 
phates dissolved in biphosphate of soda, will give a precipitate from healthy- acid 
urine, and .that which hinders preoipitatioa ia/tha one has the saade eflfeetOQ the 

Other.i;;;./i^;;:^ .-f.:v- .'■•■.i . ■'■.' :: ■.■ ;■?-.!. ^.>:)> ■ • U'r.\''- ■ ■ '■■ ■-■ J? .' • 

>*.:Tliexlepo9it:o€ lihosphatcibf jmigaeuaby faoiliagwas supposed by NL 'Rinrjiui/r to 
depea^d on the formation of a more basic phosphate of magnesia. The same expla^' 
nation is still more probably the truth regarding the precipitation of the phosphate 
of iimejihy boilings whisl^er from solutions of phosphates of soda «r from the «riiiii. 
r.rfTheibrmatioiliofi.fCqrstlillioa ^rthy.-pbosphatds when great (hxcesa. of earthy pboB^ 
phatowaa-pnseotv^bile atitiia same tiaie^tbe b^hosphate of soda made tile liquid 
^ty add^ gives the explanation why crystaHine; pbodpbate <of lime is to sddbin 4etn 
in the urine. Still it may occasionally be met with. Crystalline phosphate of mag* 
ntsifi) from its greater solubililyi can scarcely lajipean. The amorphous de^iosit of 
phosphate of magnesia ir ben .mrine .is boiled :may perhaps be reeogntsed by ttsifiir 
greater lolubiUty than: the phosptmtaiofiiawtiathe'flttidieod^ i. r : ' 

' Jh ^Mf State of health acid phosphaiie of soda^ mixed probably with eommoil phos- 
phate of'soda^ holds the eaathy phospbates^iniiaolutiott. No precipitatens oocasioned 
by;chloride of caldum. :. if, aiftetf th&wMiftriia; passed or before frool; nmdioina^ or 
partkixlac isod, or state of JK)dyv? som^i of ^ tiieaoid phosphate is ooaYeiH;ed: into ebm^ 
mon phosphate, a precipitate takes place on, boUiog the acid urine; : If this very 
rapidly dissolves before the fluid is cold, the precipitate contains most probably 
pliosphat^ of m{^iie«a ; if vf ry slowly^ it m laore likely to foe phosphate of Ume. \ If 
the urine be neutral tO;^te^paper, that is» contains still kss biphosphate of soda 
(the commoQ phosphate bein^ decidedly alkaltn]|^itotesttpaper)^then the pKcifntation 
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is more marked and the re-solntion on coofifig rerj mtieb'les^; if the nrine be 
alkaline, containing only common phbisphate, this'niay be passed clear,' amd'stiH maj^ 
contain some phosphate of magnesia and a little phosphate of lime/ tbiisd ' biiiltg 
somewhat soluble in commoii pbosplmte of soda, anil t&ese wHI be prfecipitiltted on 
boiling. • ' 

If the phosphate of lime is ftt)m any cause in great excess, it ma^ be depioiiiiled is' 
a granular deposit, and never in the crystalline form, tinless' ft be f ri sor gi'eat an 
excess that it is deposited from urine' containing very much biphosphate of soda. 

The occurrence of the alkaBne cottditioh at the particttfar period oiP the'day which 
has been observed 16 well worthy of attention^ The whole truth cahoot be arrived 
at without a very lengthened inquiry into the variations in the amodtit of acids 
excreted by the kidneys, but partly at least it must depend on the food which has 
been taken in the morning, that is oh the passage of alkaline phosphates, or carbo- 
nates, or salts of the vegetable acids through the system. Recent analyses of the 
ashes of seeds, flesh and blood, do not show any trace of alkaline carbonateSi but^as 
these cannot be heated to a red heat with common alkaline phosphates without tlie 
loss of. carbonic acid, it will be seen how difficult it is to arrive at cf^rtaisty on this 
point. 

The conclusions from these observations are — 

1. That there exist two kinds of alkalescence of the urine; the one long known 
as ammoniacal, the other not distinctly recognised, arising from fixed alkali. This 
last appears most frequently in water secreted from two to four hours aft^ breakfast 
in persons suffering only from indigestion. 

.^. Water made at this period may be thick when passed .from amorphous sedi- 
ment, or it may be alkaline to test-paper^ and still clear; or it may be\ free from 
deposit and slightly acid. If either of these last be heated, an amorphous precipitate 
may fall, which is soluble in dilute hydrochloric acid, or in solution of biphosphate 
of soda. 

3. Healthy urine may at any time be made to give a precipitate of earthy phos- 
phates by heat, even thcmgh it be acid, by having a little of ite acid 4'eaetSoii removed 
by any alkali, or by common phosphate of soda^ the fl«rfd 'beoomteg faore atid when 
boiled. . ^ ■' -= -•' ■■■■ ■•'' •••» ■ 

4. The solution of earthy phosphates in biphosphate of soda, gives also a* piiecipl* 
tate on boiling if some of its acid reaction is removed by any alkali.* The flhid wheti 
boiled becomes more acid to test-paper, indicating the forniatioii of a more bimc 
earthy phosphate. 

5. A precisely simikir result is obtained when common ' phosphate of soda^ phds- 
phate of lime, and. a little biphosphate of soda exist in solotion t^etber; and by 
varying the quantities of each of these sabstances^ the various phenomena t^bicfa the 
prine occasionally presents may be produced at will. 
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,6.,Tbetiine at which the alkalescence o£ the lurine from fixed alkali genei*ally 
oo^urf^ io^ijQIite^ the existenpe of sooie ^kalioe. phoispb^te or of some carbonated 
alkali in th^ food ^. 

. 7- The result as regards diagnosis may be t\m% arjranged : — 

Alkalescence of the urine from local causes. • Alkalescence from general causes. 

B}iie jpaper iqtiadeiqarkedly red on drying. Blue Iitniu$^ p^per not made red on drying. 



Alkalcjscience cpnstantly pre^eqf * 

Al)9^ays contains miicus. in excess,. 
Prismfitic crystals alwayis to be found by 



Alkalescence yariahl€^ usually soon after 

food* 
Rarely contains mucus in excess. 
When first passed generally contains only 



,.niicr(>scope. .1 granulai* d^osit. 



:^ / .""/ 



.^ 



?. . • . • - :. ; ■"■• 



. ' ■ ^ • :..'., ': ' < ".r ■ ■ . , , .1 



PLATE y,.^ 

f^. i: Irid^cent pellicles on some Alkaline urine; 
Fig". 2. Amorphous deposit in alkaline iirine. 

Deposit on boiling pliosphate of soda with chloride of calcium, or with sul- 
phate of magnesia. 
Fig. 3. Chloride of calcium with acid phosphate of soda, or with commbn phos- 

* phkte of soda ; after Ibng landing, 
j'ig. 4. Phosphate of soda with little chloride of calcium. 

' Bone-eurth phosphate. ; - 

Fig. 5. On boiling phosphate of soda with sulphate of magnesia and little biphos- 
■ " phate of soda. 

Fig. 6. Phosphate of soda with sulphate of magnesia; after long standing. 



Appendix. 

"'■>'.■ ■ ■ ■ ■■ . ■ ■ 

^ Later experiments have showa that the alkalescence from fixed alkali does not 
depend on the nature of the C6od» For example, with a diet of animal food and di^ 
stilled water, the urine in four hours has been observed to be alkaline. Rather longer 
after dinner it has also been found to be alkaline. Usually however, after a late 
dinner, even if the water is secreted alkaline, it becomes mixed in the bladder during 
sleep with acid water which is afterwards secreted and thus the alkalescence escapes 
notice. 

It seems highly probable that the quantity of acid poured out into the stomach 
sets fi*ee alkali sufficient in some cases to make the urine alkaline ; and from fects 
which have been stated to me, it seems even possible that the same effect on the 
water may sometimes be produced by the separation of aeid by the skin. 

^ See Appendix. 
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XVI. On the Gas f^oliaic Batten/. — Vohaic Action of Phosphorus^ Sulphur and 

Hydrocarbons. 
By W. R. Grove, Esq.^ M,A.^ F.R.S.y V.P.H.I.y Prof. Exp. PhiL^ London Institution. 

Received June 5, — Read June 19, 1845. 

IN a paper which was honoured by publication in the Philosophical Transactions for 
1843, 1 described certain forms of the gas voltaic battery, together with a series of 
experiments in which different gases were employed as voltaic combinations, and the 
consequent application of voltaism to eudiometry. 

To ensure confidence in the accuracy of the eudiometric experiments, it was essen- 
tial that the position which I laid down as to the absence of all voltaic action in a 
combination of oxygen and nitrogen should be rigidly true. I may state with cer- 
tainty that it is so, but an apparent exception noticed (Exp. 21.) in my last paper 
obtains during the first few minutes after the circuit is closed, and sometimes for a 
much longer time. The examination of this temporary action in the first instance, 
with the view of ascertaining whether it was a specific action of the nitrogen or 
attributable to adventitious circumstarfces, led liie to the results which I have the 
honour of laying before the Royal Society in this paper. 

Before detailing these results, I will for convenience sake premise that they were 
all obtained by the form of battery represented in fig. 8 of my last paper (which, 
with a slight addition to be referred to presently, is again represented at fig. 2, Plate 
VI.), charged with distilled water slightly acidulated with pure sulphuric acid. 

I will also, when alluding to my last paper, to avoid the needless repetition of the 
word experiment y refer to the number of the experiments as though they were para- 
graphs, and continue those numbers in the paragraphs of this paper. 

As the form of battery (fig. 2) by which the interfering action of the atmosphere 
is entirely prevented was not devised until the greater part of the experiments in my 
last paper had been completed, I repeated some of them which seemed to require 
such verification with this battery ; to one of these only is it essential that I should 
now refer. I should likewise mention, that in the experiments to be described the 
proper reductions for temperature and pressure have been made when necessary ; 
where it was practicable the experiments were examined on days when the tempera- 
ture and pressure were, as nearly as may be, the same as when they were set by, 

(31.) Oxygen and deutoxide of nitrogen, which in the open form of battery gave 
only a temporary action (9.), when employed in the closed form (fig. 2) gave a con- 
tinuous current. The following three sets of experiments were continued each for a 
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month in closed circuity during which time they were constantly tested by the galva- 
nometer and evidenced a continuous voltaic action ; at the expiration of the month 
the results were as follows : — 

Experiment 1. — Rise of liquid in tubes of 

Oxygen .... 

Deutoxide of nitrogen 



Experiment 2.- 



Experiment 3.- 



Mean result 



rin 

' tin 



=0-32 cub 
= 1-26 cub 
=0*5 cub 
=2-6 cub 
=0-2 cub 
=075 cub 
=0-34 cub 
= 1-6 cub 



c inch, 
c inch, 
c inch, 
c inches, 
c inch, 
c inch, 
c inch, 
c inch. 



■In oxygen tubes. . 
Deutoxide of nitrogen 
-In oxygen tubes. . 
Deutoxide of nitrogen 
In oxygen tubes^ rise • 
deutoxide tubes, rise 

The slight excess being undoubtedly due to the greater solubility of the deutoxide^ 
it appears that four volumes of deutoxide of nitrogen are absorbed in the gas battery 
for one of the associated oxygen, and the result would be a compound of 1 equiv. 
nitrogen + 3 oxygen, or hyponitrous acid, which is exactly that formed by the slow 
combination of these two gases in the ordinary chemical way. The difference of 
amount of action in the three experiments depended on the temperature, the second 
experiment being made towards the close of last summer, the last experiment during 
the continuous cold weather of the present spring. 

These experiments, coupled with the converse ones with hydrogen and deutoxide 
of nitrogen (30.), afford very satisfactory instances of the illustration of the law of 
definite combining volumes by the gas battery, exhibiting in one result, and itself 
registering that result, the action of equivalent chemical combination, catalysis and 
voltaism. 

(32.) I now pass to the experiments which will form the more immediate subject 
of this paper. The temporary action to which I have alluded (21.) being greater 
when nitrogen and oxygen were the gases used, if the nitrogen were obtained by 
burning phosphorus in atmospheric air, than if procured from other sources, it natu- 
rally occurred to me that this action was due either to some phosphorous acid re- 
maining in a state of vapour in the nitrogen, or to a slight portion of the phosphorus 
itself being held in solution in the nitrogen, as believed by Vauqublin and the older 
experimentalists. If this last supposition were the correct one, it seemed to offer a 
means of i*endering phosphorus, though a non-conductor and insoluble in aqueous 
liquids, yet a permanent voltaic excitant analogous to the oxidable metals. 

(33.) A small piece of phosphorus having been carefully dried, and weighing when 
dry 9*6 grains, was passed up through the liquid into the large tube of a gas battery 
by means of a small loop of mica, which kept it separated both from the glass and 
the platinum ; the tube was now charged with pure nitrogen, and the associated tube 
with pure oxygen, the level of the gases or water-mark being noted by a little slip of 
paper pasted on the tube ; a check experiment of oxygen and nitrogen without phos- 
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phoru8 was charged at the same time ; the whole was carefally closed from the atmo- 
sphere and set by for twenty-four hours in closed circuit, to get rid of any current 
from adventitious circumstances ; the next day, when tested by the galvanometer and 
iodide of potassium, a very decided action was apparent in the phosphorus battery, 
the iodide being decomposed and the galvanometer needle swinging round to 30°, 
the nitrogen with the phosphorus representing the zinc of an ordinary voltaic combi- 
nation ; the check experiment gave not the least deflection or decomposition. The 
experiments were suffered to remain in closed circuit for four months, from August 
10th to December 14th, 1844, having been frequently tested in the interim, and the 
galvanometer always evidencing a continuous voltaic action in the phosphorus battery. 
On the 14th of December, the water in the oxygen tube having by its rise denoted 
the absorption of a cubic inch of oxygen plus the slight quantity 0*05 cubic inch of 
oxygen due to solution, as proved by comparison with the second battery, the expe- 
riment was examined ; the result was as follows : — 

Rise of liquid in oxygen tube 1 cubic inch. In nitrogen tube 0. 

Original weight of phosphorus 9'6 grains. 
Present weight of phosphorus 9'2 grains. 

The battery was again charged in a similar manner, and put by on the 19th De- 
cember 1844 ; the phosphorus weighed 2*8 grains. This, in consequence of the ex- 
tremely cold weather which has prevailed almost without intermission from that time 
to the present period, proceeded much more slowly, and was not examined until May 
17th, 1845, when the results were as follows : — 

Permanent deflection of galvanometer 8°. 

Rise of liquid in oxygen tube 0*35 cubic inch. In nitrogen tube 0. 

Weight of phosphorus =2'66. 

Taking a mean of these two experiments, which in their relative results approximate 
more closely than I could have anticipated under the circumstances, we get 0*415 as 
the proportional weight of phosphorus lost for a cubic inch of oxygen. Now as 
34 : 31*4 : : 0'34 : 0*444. The result of these experiments thei^fore leaves no doubt 
that phosphorous acid is the product of the voltaic action, as it is of the slow com- 
bustion of phosphorus in air. The experiment was repeated with distilled water ; 
the action was at first very trifling, but increased every day, and the water gradually 
acquired an acid reaction. 

No light was apparent in any part of the apparatus when examined in the dark, 
indeed the action was much too slow to render such an effect probable ; though if 
subsequently by heat or other means I should succeed, as I hope, in producing light, 
it will be curious to observe in what part of the circuit the luminous effect in the 
voltaic combustion is perceptible. 

A series of ten cells of phosphorus and nitrogen associated with oxygen were 
charged, and perceptibly decomposed water with platinum electrodes. 

3 a2 



354 MR. GROVE ON THE GAS VOLTAIC BATTERY. 

The result of the above experiments gives, I believe, the first instance of the em- 
ployment of a solid, insoluble non-conductor as the excitant of a continuous voltaic 
current ; it proves that the existence of diffused phosphorus in nitrogen, as noticed 
by the old experimentalists, is not a consequence, as was once believed, of a partial 
combustion, but of an effusion continuing as long as the previously diffused phos- 
phorus is abstracted, and it gives the very curious I'esult of a true combustion, the 
combustible and the ^ comhurant' being at a distance ; phosphorus burned by oxygen 
w^hich is separated from it by strata both of water and gas, of an indefinite length. 
This result, arrived at by a progressive series of inductions, scarcely now appears ex- 
traordinary, but would have been in all probability listened to with incredulity if simply 
stated as a fact a few years ago. By the galvanometer wc may also ascertain the 
rate of this very slow and minute chemical action ; thus if by an apparatus, as above 
described, my galvanometer gives a deflection of 8 degrees, I know that the phos^ 
pborus is being consumed at the rate of the seven millionth part of a grain per 
minute. 

(34.) The next step was to ascertain whether this action was peculiar to nitrogen 
or common to other gases ; for this purpose, a day or two after the first experiment 
was set aside, the following were also made, and the dates and results were as fol- 
lows : — 

No. 1. Phosphorus suspended in protoxide of nitrogen associated with oxygen: 
weight of phosphorus 6*3 grains. Charged August 11th, 1844. 

No. 2. Similar experiment, but without phosphorus. 

Tested occasionally by galvanometer, the first battery gave invariably a small de- 
flection, but less than in experiment (33.) ; the second gave no deflection. 

Examined the 22nd April, 1845. 

No. 1. Water risen in tube of oxygen 075 cubic inch. 

In protoxide tube \'7 cubic inch. 

No. 2. Water risen in oxygen tube O'l cubic inch. 

In protoxide tube 1*6 cubic inch. 

Phosphorus weighed 5 grains, therefore loss =0*3 grain. 

In this experiment the rise of liquid in the tubes containing protoxide was evidently 
due to the solubility of that gas, as it was very nearly equal in both the batteries, 
and the second gave not the slightest galvanometric deflection ; the result gives 0*65 
cubic inch of oxygen consumed by 0*3 gmin of phosphorus, bearing nearly the same 
relative proportions as experiment (33.) ; the only difference between the action of 
phosphorus in nitrogen and in protoxide of nitrogen is, that in the former it is more 
rapid, as proved both by the galvanometric deflection and by the quantity of oxygen 
absorbed in a given time. 

(35.) Charged August 11th, 1844. 

No. 1. Phosphorus in carbonic acid gas associated with oxygen; weight of phos- 
phorus 5*9 grains. 
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No. 2. Same without phosphorus. 

Tested by galvanometer, No. 1. always gave a deflection, No. 2. none. 

On the 3rd of December the carbonic acid gas in both batteries had been absorbed, 
and the liquid had reached the extremities of both tubes. 

In the oxygen tube of 

No. 1, rise of liquid =0*75 cubic inch. In No. 2, 005 cubic inch. 

Phosphorus weighed 5*6 grains, the proportional weight was therefore 0*3 grain 
phosphorus to 0*7 cubic inch oxygen. 

Here again the proportions came out just as in (33.) and (34.), the intensity of ac- 
tion being intermediate, less than the former and greater than the latter. 

(36.) Charged 18th December, 1844. 

No. 1. Phosphorus in pure oxygen associated with oxygen, great care being taken 
to exclude atmospheric air : this arrangement having been kept in closed circuit for 
twenty-four hours, gave a very feeble deflection of the galvanometer. 

Examined 15th February, 1845. The rise of liquid in the tube containing phos- 
phorus was equal to 0-3 cubic inch, in that containing the assoc^ited oxygen = 005. 
I find no note of the phosphorus being re-weighed ; probably I considered it useless, 
as the consumption of oxygen in the associated tube was so very trifling, scarcely 
sufficient to be distinguished from the effect of its solubility. 

(37.) Charged 23rd April, 1845. 

No. 1 . Phosphorus suspended in deutoxide of nitrogen associated with oxygen ; 
weight of phosphorus = 4*3 grains. 

No. 2. Same without phosphorus. 

Examined May 27th, 1845. Galvanometer gave 25° permanent deflection in No. 1, 
and 10° in No. 2. 

No. 1. Rise of liquid in deutoxide tube =0*7 cubic inch. 
Rise of liquid in oxygen tube =0*6 cubic inch. 

No. 2. Rise of liquid in deutoxide tube =0*7 cubic inch. 
In oxygen tube = 0*2 cubic inch. 

Weight of phosphorus 4*17 grains. 
Consequently had lost 0*13 grain for 0*4 cubic inch of oxygen. 

In this and all the preceding experiments the residual gases were unchanged in 
quality, and in this experiment it appears that the action of the deutoxide of nitrogen 
and the oxygen was perfectly unaffected by the phosphorus, the consumption of deut- 
oxide of nitrogen being exactly the same in both batteries. In another experiment, 
which I did not record on account of a minute bubble of air having entered the 
tubes containing the deutoxide, the phosphorus appeared to have exercised a retard- 
ing influence on the voltaic combination of deutoxide of nitrogen and oxygen ; this I 
attributed to a slight deposit of phosphorous acid upon the platinum, by which its 
catalytic power was deteriomted. 

(38.) It thus appears that the effect we have been examining, of the diffusion of 
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phosphorus in gas^ is not due to any peculiarity of nitrogen^ and is not peculiar to 
any particular gas, as once believed ; but being in all probability cominon to all gases 
which do not exercise a specific action on the phosphorus, it may be more properly 
called a volatilization of phosphorus at ordinary temperatures than a solubility in 
gas ; the ordinary slow combustion of phosphorus in air is, in fact, a combustion of its 
vapour. I incline to think that the inferiority of its vaporization in pure oxygen is 
due to a protecting film being formed, and that the phenomenon is in some respects 
analogous to the inactivity of iron in nitric acid. 

(39.) Phosphorus in nitrogen was associated with, hydrogen in the gas battery to 
ascertain their voltaic relation ; the hydrogen was positive to the phosphorus, t . e\ 
I'epresented the zinc of an ordinary voltaic combination. 

(40.) To realize the curious novelty of two non-conducting solids forming the 
elements of a voltaic battery, and producing a continuous current, phosphorus sus- 
pended in nitrogen in one tube of a gas battery was associated with iodine in nitrogen 
in the other ; a very decided current was the result, which continued for months, the 
nitrogen remaining unaltered in volume, but the liquid becoming gradually tinged 
by the excess of iodine vapour. The following is the result of the experiment: — 

Charged January 1, 1845. Examined May 17> 1845. 



Weight of iodine . • ==5"9 grains. 
Weight of phosphorus . =6*4 grains. 



Weight of iodine . . =:4*6 grains. 
Weight of phosphorus . =6'28 grains. 



The phosphorus has consequently lost 0*12 grain, the iodine 1*3. Assuming that 
the phosphorus consumed 3 equivalents of oxygen, as in experiments (33,), (34.), 
(35.), (370> ^c should have 3 equivalents of hydrogen eliminated, and consequently 
3 of iodine consumed, or 

31-4 : 126-6 : : 012 : 048 
0-48X3= 1-44. 

The result is tolerably near, but from the iodine vapour in solution an excess and 
not a deficit in the consumption of this was to have been expected. 

(4 1 .) It was necessary for my own satisfaction to make a great number of other 
experiments for the purpose of checking and eliminating any adventitious results 
which might possibly interfere with the actual voltaic action of the gas battery, such 
as placing phosphorus in single tubes containing the different gases, but with platinum 
foil and without associated tubes, others without the platinum foil or associated tubes ; 
but as these had no influence on the results, and were merely used as tests for my 
own satisfaction, it would be useless and tedious to detail them. 

(42.) Having examined the action of phosphorus in the gas battery under these 
various circumstances, my next step was to ascertain if any other substance produced 
a similar effect. Sulphur, the nearest analogue of phosphorus, was the body which 
naturally presented itself, but from its different characteristics required a different 
mode of manipulation. The following was adopted. Into a little capsule of glass. 
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having a long solid leg (see fig. l), was placed a small piece of solid sulphur ; this 
was held in the large aperture of a gas battery cell, while the tube was passed care* 
fully over it ; the platinum in this tube was connected with the zinc of a single cell of 
the nitric acid battery, while an anode of platinum was placed in the liquid through 
the central aperture; by this means all the oxygen of the atmospheric air was 
exhausted, and the surplus hydrogen was in turn taken away by connection with 
the associated tnbe charged with oxygen ; the same effect might have been more 
slowly produced by the process described (29.). The sulphur was now in an atmo- 
sphere of pure nitrogen, and this could have been effected in no other way that I am 
aware of without wetting or forming some deposit on the sulphur. Having connected 
it in closed circuit with the oxygen tube for twenty-four hours, the galvanometer gave 
no deflection. A small hoop of iron with a handle was now heated and passed over 
the tube containing sulphur and nitrogen, the wires being connected with the galva- 
nometer (see fig. 2). The I'esult was very striking : I had directed my assistant to 
watch the galvanometer while I attended to the manipulation. At the same instant 
he exclaimed that the galvanometer was deflected, and I that the sulphur was melt- 
ing ; the galvanometer continued deflected during the whole time that the sulphur re- 
mained fused, and indeed some time afterwards, until all the sulphur vapour diffused in 
the nitrogen had become exhausted. The sulphur represented the zinc of an ordinary 
voltaic combination. It was of course impracticable in this case to ascertain the 
equivalent consumption. This experiment very strikingly exhibits the analogy of 
sulphur with phosphorus, and proves that the instant sulphur is fused it becomes a 
volatile body, as phosphorus is when solid ; the suddenness of its action, coupled 
with the insoluble character of sulphur, leads to the conclusion that solution in the 
electrolyte is not a necessary antecedent to voltaic action in the gas battery. Indeed 
this might have been deduced from the experiments with phosphorus, as its vapour 
must have been nearly, if not absolutely insoluble in the electrolyte, or the equivalent 
results would not have come out so accurately; possibly solution and electrolysis are 
in these cases synchronous. 

(43.) I was now led to try in the gas battery other substances differing from phos- 
phorus and sulphur, but possessing characters which had hitherto prevented their 
being used as voltaic excitants ; as, if my view of the volatility of phosphorus 
and sulphur were correct, other volatile bodies ought to act similarly. Camphor 
was the first substance I experimented on. A piece of camphor weighing 12*9 grains, 
was placed in a similar manner to the phosphorus (33.) in nitrogen, and associated 
with oxygen ; tested by the galvanometer it gave a feeble deflection, which, however, 
was continuous ; it was allowed to remain four months in closed circuit; at the 
expiration of that time the liquid had risen in the oxygen tube 0*3 cubic inch ; the 
nitrogen in which the camphor was suspended had increased in volume 01 5 of a 
cubic inch. The camphor weighed 1 1 '4 grains, but some minute crystals of it were 
observed at the top of the tube, so that the loss of weight was greater than that due 
to voltaic action. 
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(44.) The smallness of the quantity of the gas which had been added to the nitrogen, 
precluded an accurate analysis of it; enough was ascertained, however, to lead me 
to believe that it was hydrocarbonous, and it then became my aim to produce it in 
greater quantities. I attached a piece of camphor to a platinum wire, and to the same 
wire I also attached a piece of sponge platinum ; I passed these up into a tube of 
nitrogen over distilled water, and at the eicpiration of three months the gas had 
increased 0*1 cubic inch ; this proved that the camphor vapour was decomposable by 
the catalytic action of platinum at ordinary temperatures, and that the effect in the 
nitrogen cell of the battery was not due to its voltaic association ; but the experiment 
did not give me a sufficient quantity of the gas for analysis. 

(45.) I therefore had recourse to the apparatus, fig. 3. a is an inverted cylindrical 
test-glass ; h a platinum capsule with a pin-hole in the bottom for drainage, standing 
on an ivory pedestal ; c, c two very stout platinum wires ; d a coil of fine platinum 
wire. Into the capsule i was placed the camphor, the glass a £lled with distilled 
water was inverted over it and charged with pure nitrogen, to a level marked some- 
where below the capsule ; the wires w ti;' are now connected with a voltaic battery of 
sufficient power fully to ignite the wire d. 

(46.) After the wire was ignited the volume of the gas gradually increased ; when 
the original volume was doubled, the gas was examined. It had a strong disagree- 
able odour, very similar to that of coal-gas; it burned with a blue flame, slightly 
tinged with yellow: placed in an eudiometer, such as I formerly described*, and 
mixed with hydrogen, it underwent no alteration. Two volumes of it, mixed with 
one«volume of oxygen, contracted one-sixth of the whole volume, and subsequently 
agitated with lime-water, contracted two-sixths more, lining the tube with a crust of 
carbonate of lime. The residual gas was nitrogen. It was thus clear that the vapour 
of camphor was decomposed by the ignited wire into carburetted hydrogen and 
carbonic oxide, and the analogy is too direct to leave any doubt that these gases 
were also formed in experiments (43.) and (44.) by the influence of the platinum foil 
and spongy platinum. 

The apparatus (fig. 4) offers a most convenient means of decomposing volatile 
hydrocarbons, and possibly other substances. 

(47.) Portions of oil of Turpentine and of Cassia were now placed in capsules (fig. 1), 
weighed and exposed each to an atmosphere of nitrogen in the large tube of a gas 
battery, by the same means as described (42.); they gave a very decided deflection 
(the nitrogen representing zinc). This deflection continues, and the liquid is slowly 
rising in the oxygen tubes, but the rise is too slight at the time of my writing this 
paper to derive any useful result from examining the present weight-f-. 

* Philosophical Magazine, August 1841, p. 99, and Philosophical Transactions, 1843, p. 105. 

t Dec. 1845. — ^The rise of liquid has been slow but continuous, and the galvanometer feebly deflected. In 
the Turpentine experiment the rise is =0*7 cubic inch, in the Cassia 0*5 ; the weights, however, froini the irregu- 
l^ty of absorption and evaporation, give no data as to the equivalent consumption ; thus the Turpentine has 
lost 0*7 grain, the Cassia gained 0*05 grain. 
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(48.) Alcohol and ether were tried in a similar manner, and produced notable 
voltaic effects ; alcohol the most powerful probably, on account of its greater solu- 
bility in water. 

(49.) The rationale of the action in experiments (43.) and (470 ^^ curious. It 
seems that the platinum in the nitrogen tube first decomposes the vapour of the hydro- 
carbons*, and then the same platinum, with its associated plate, recombines the 
separated constituents with oxygen. In experiment (43.) the decomposition takes 
place more quickly than the recomposition, as indeed would be expected from the 
absence of the resistance of the electrolyte in the former case, and hence the increase 
of gas in the nitrogen tube. 

(60.) The analogy of the action of the above volatile substances strengthens the 
position advanced (38.), that solid phosphorus should be regarded as volatile at 
ordinary temperatures, and sulphur when fused ; the whole of these experiments 
also serve to introduce the galvanometer as a new and delicate test, and in some 
cases a measurer of volatilization. 

(61.) As the gas battery was shown in the former paper, which I had the honour 
to communicate to the Society, to give us the power of introducing gases which had 
been previously untried as voltaic excitants, and to ascertain their electro-chemical 
relations, it has, by the means detailed in this paper, opened a field for ascertaining 
the voltaic relations and quantitative electro-chemical combinations of solid and 
liquid substances, which from their physical characteristics had not hitherto been 
recognised in lists of the voltaic relations of different substances, and consequently 
formed to a certain extent a blank in the chemical theory (may we not now call it 
law ?) of the voltaic pile. These results, coupled with the previously-arranged tables 
of electro-chemical relations, and with the great improvements in apparatus for 
measuring these relations recently made by Mr. Wheatstone and others, offer every 
promise of the ultimate establishment of accurate measures of aOSnity. I give the 
following tables as an approximative list, without attempting to give the degrees of 
intensity, which can only be filled up by a careful series of reseat (;hes exclusively 
devoted to this object. 



(62.) Chlorine. 
Bromine. 
Iodine. 
Peroxides. 
Oxygen. 

Deutoxide of nitrogen. 
Carbonic acid. 
Nitrogen. 

Metals which do not decompose water 
under ordinarv circumstauces. 

^ I use this word here aad in the title -to avoid periphrasis ; it is not quite correct as applied to some of 
these bodies. 
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Camphor. 

Essential oils. 

defiant gas. 

Ether. 

Alcohol. 

Sulphur. 

Phosphorus. 

Carbonic oxide. 

Hydrogen. 

Metals which decompose water. 
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' Though carbonic acid and nitrogen appear to be neutral, and consequently might 
be bracketed with the metals which do not decompose water, as forming the nodal 
point or zero of the table, yet, in consequence of the peculiar action exercised by 
ibera, and detailed (29.) and (30.), 1 have placed them above the metals*. 

(53.) The results embodied in my present and my former paper, I think sufficiently 
indiccite the field of research opened by the gas battery, a field which may of course 
be indefinitely extended. I have never thought of the gas battery as a practical means 
of genemting voltaic power, though in consequence of my earlier researches, which 
terminated in the nitric acid battery, having had this object in view, I have been 
deemed by some to have proposed the gas battery for the same purpose ; there is, 
however, a form of gas battery which I may here describe, which, where conUnuous 
intensity or electromotive force is required, but the quantity of electricity is altogether 
unimportant, appears to me to offer some advantages over any form of battery hitherto 
constructed, and which, independently of any practical result, is, from circumstances 
peculiar to the gas battery, not without interest. Itis shown at figs. 4 and 6. A A' is a 
long glass tube, with a series of legs or glass tubes attached to and opening into it ; 
the lower extremities of these are open, and the main tube or channel A A' terminates 
at the extremity A in a glass stopper, and at A' opens out into a funnel, as shown in the 
figure. Into a series of glasses B B' are cemented platinum wires having attached 
to them strips of platinized platinum foil, two to each glass, the one being four inches 
long and half an inch wide, the other 1^ inch long by one inch wide; the former 
set are placed lower than the latter, so that when the glasses are filled with liquid 
the former set shall be just covered, and the latter bisected by the water-mark ; the 
last glass B has no platinum. These platinum strips are connected metallically by ex* 
ternal wires, the narrow platinum of one cell with the wide one of the next, and so on in 
series. The glasses having been filled to the top of the narrow platinum with acidulated 
water, let a piece of zinc be placed on a pedestal in the vessel B, and the stopper 
being out of the extremity A, the appamtus A A' lowered into the glasses, the tubular 
tegs covering each one of the narrow platinum plates. The tubes will of course be 
full of water, and the main channel full of atmospheric air; this will gradually be 
displaced by the hydrogen ascending from the zinc, which hydrogen, in consequence 
of the curve at A, will retain its position. When it is judged that the greater portion 
of air has been expelled, the stopper at A, covered with a little grease, is to be in- 
serted ; the hydrogen now will rapidly descend in all the tubes until the zinc is laid 
bare, and then remain stationary. 

We have now a gas battery, the terminal wires of which will give the usual vol- 
taic effects, the atmospheric air supplying an inexhaustible source of oxygen, and 
the hydrogen being renewed as required by the liquid rising to touch the zinc ; by 
supplying a fresh piece of zinc when necessary, it thus becomes a self-charging battery, 

* I have been lately much struck with the difficulty 6f reconciling the theory of Grotthub with many of the 
combinations in the gas battery, and have stated this difficulty in the Philosophical Magazine for Nov. 1845.'^ 
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which will give a continuous curi'ent ; no new plates are ever needed, the electrolyte 
is never saturated, and requires no renewal except the trifling loss from evaporation, 
which indeed is lessened, if the battery be in action, by the newly composed water. 
There is an aperture in the pedestal with a moveable slide, through which the vessel 
B' can be removed, when necessary, to replace the zinc, and the remaining part of the 
apparatus is never disturbed. This battery would form an elegant substitute for the 
water battery ; it would much exceed in intensity a similar number of series of that 
apparatus ; it would be applicable to experiments of slow crystallization and possibly 
to the telegraph. Its construction is difficult and makes its prime cost expensive, but 
after that it is the most durable, the most easily charged, and the most free from 
local action of any known form. I have had one of ten cells constructed, shown at 
fig. 5, which succeeds perfectly, giving sparks,, decomposing water, &c., and is ever 
ready for use. Any number of such sets might be united by adapter-tubes ; or indeed 
it would be much more economical, and reduce to a minimum the damage from 
breakage, to have the main channels A A' made of varnished wood or porcelain, with 
apertures into which separate glass tubes might be cemented. 

London Institution, May 30, 1845. 
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XVII. On the Compounds of Tin and Iodine. By Thomas H. Henry, Esq. 

Communicated hy R. Phillips, Esq.^ F.R.S. 

Received March 31, — Read June 19, 1845. 

In a paper by Sir H. Davy, published in the Philosophical Transactions, 1814, he 
describes the compound of tin and iodine procured by heating these bodies together, 
out of the contact of air, as of a deep orange colour, fusible at a moderate heat, and 
volatile at a higher temperature. 

The compound obtained by Gay-Lussac, by gently heating tin with twice its weight 
of iodine, and more recently by Rammblsbbrg, by the same method*, is described 
by them as a reddish-brown, transparent substance, yielding a powder of a dirty 
orange-yellow colour, and easily fusible. 

A compound of tin and iodine was procured by BouLLAY^f-, by precipitating a 
solution of protochloride of tin with iodide of potassium, in slight excess. 

The combinations procured by these methods have been considered to be identical 
in composition, although the compound procured both by Gay-Lussac and by Ram- 
mblsbbrg is stated by them to be decomposed by water, while the salt of Boullay 
is described by him as soluble in water without decomposition. 

It will be seen, I think, from the following experiments, that the substance procured 
by heating tin with twice its weight of iodine, is a mixture of two salts, differing in 
composition, one of which is soluble in water to a slight extent, without suffering 
decomposition, while the other is immediately decomposed on bringing it in contact 
with water, the former being the real protiodide described by Boullay, and the latter 
a biniodide, a salt which has not yet, to my knowledge at least, been described, but 
which must have been the compound mentioned by Sir H. Davy, as it is of a brilliant 
oi*ange colour, and sublimes at a temperature of 356^ Fahr., while the protiodide, I 
find, may be heated to redness, out of the contact of air^ without subliming. 

lOOgrs. of tin, in a state of minute division, were mixed with 220 grs. of iodine, 
the mixture placed in' a porcelain crucible well-covered, and sufficient heat being 
applied to fuse the iodine, violent action immediately took place, accompanied by the 
evolution of much beat and the sublimation of a portion of the iodine ; when the 
action had ceased and the crucible had become cool, a brown transparent crystalline 
mass, weighing 310 grs., was removed from it ; 10 grs. of iodine had been sublimed, 
therefore, by the beat evolved during the combination ; upon breaking this mass, 
however, a button of metallic tin, weighing 45 grs., was found inclosed in it. This 

* Omelin, Haadbach* toL SL f Annalet de Chimie, xxxir. 372. 
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ftabstance conld not be the neutral compound, for the 210 grs. of iodine would require 
98 grs. of tin to form the protiodide instead of only 55 grs. 

The mass was therefore heated again in a Florence Bask well-corked, with 45 grs. 
of tin in verjrfine powder, to replace the button i*emoved from it, in order to ascertain 
whether the neuti-al compound could be procured by digesting this substance with 
the metal in a state more favourable to combination. The mass readily fused without 
any further action on the tin ; but an orange-red sublimate was formed, condensing 
on the sides of the flask in brilliant acicutar crystals. As the mass in the flask dimi- 
nished in quantity, it became less fusible, until at length it required a degree of beat 
little short of dull redness to produce* that effect, and then it ceased to give off 
vapour. The flask was now allowed to cool ; when cold, it was cut, and the fused 
residue removed, which was found to weigh 86*5 grs. after the separation of 37'5 grs. 
of tin still uncombined. 

This substance was of a deep red colour and crystalline texture, affording a powder 
of a bright red colour similar to that of minium ; 50 parts of it were treated with 
strong nitric acid, which acted violently upon it, expelling iodine and leaving peroxide 
of tin, which weighed after ignition 22*1 paits=: 17*38 metallic tin =3476 per cent.; 
a compound of one equivalent of tin = 59, and one of iodine = 126, Would give 31*89 
per cent. This exeess-in the quantity of tin arose from the heat employed in sepa- 
rating the two compounds, producing a portion of oxide by the decomposition (tf the 
protosalt, as will be seen further on. To ascertain the composition of the sublimate, 
50 parts of it were decomposed by nitric acid, and gave 12*2 parts of peroxide 
= 9-597 metal =19-19 per cent. 

100 parts, treated with a solution of pui*e carbonate of potash in slight excess, were 
decompo^d, carbonic acid being evolved and peroxide of tin precipitated ; the iodide 
of potassium produced was separated by alcohol, and after dilution with water, was 
treated with nitrate of silver; the precipitate dri^d and fused weighed 148*5=79*99 
iodine. This gives 

Theory. Experiment. 

2 Iodine =262 81 79*99 

I Tin. = 59 19 19*19 



311 100 99*18 

It was therefore a biniodide. 

In the next experiment, I took one atom of each substance, viz. 59 grs. of tin and 
126 grs. of iodine. The action was violent as before ; there were 16 grs. of tin un- 
combined, and after the sublimation of the biniodide, the fused protosalt weighed 
66 grs. ; this was exposed to the air as little as possible during the process of subli- 
mation, which being performed in a retort, less oxide was formed in consequence. 

50 parts gave 21*1 peroxide of tin =33*2 per cent, metal. In order to ascertain 
the action of heat upon the protiodide of tin, I prepared some by precipitating a 
warm concentrated solution of recently prepared protochloride of tin, by a strong 
solution of iodide of potassium, in slight excess ; the salt formed on cooling in bean- 
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tiful acicular crystals, \^icb, after being washed with a little watev, lost their lustra 
by drying at a very gentle heat. 

60 parts gave 20*7 parts peroxide =32*36 per cent, tin ; 10 grs. of tiiis were heated 
in a small tube,- tightly corked, at first gently, and afterwards to complete fusion ; a 
little water condensed on the upper part of the tube with a minute portion of binio- 
dide. When cold the tube was cut, the fused mass removed, and found to have lost 
I'b gr. ; it was slightly oxidized on the surface, and perfectly. resembled the protiodide 
procured in the former experiments. 

25*3 grs. of the same salt were heated to from 380^ to 400^ in an open porcelain 
crucible, a sublimate was produced, which was received in a paper cone, so placed 
on the crucible as not to prevent the access of air ; when no more vapour was given 
off, the crucible was cooled and weighed ; the residue was found to weigh 604 grs. ; 
it was ignited, and then weighed 5*91 grs., and was peroxide of tin. The sublimate, 
which was in small brilliant orange-red crystals, was biniodide of tin ; for 4'60grs., 
decomposed with nitric acid and ignited, gave 1* 1 15 peroxide = 19'06 per cent, of metal. 

Now, supposing that two atoms of protiodide of tin had been decomposed, giving 
rise to one atom of periodide, and one atom of peroxide of tin, 25;3 grs. of protiodide 
should have left 5* 13 grs. of peroxide, which is sufficiently near the quantity obtained 
to, determine the nature of the decomposition. Bjbrzbuus states that the proto- 
fluoride of tin is converted, by the action of the atmosphere, into SnF^, SnO^ ; a 
ilecom position exactly analogous to that above described. 

I have not succeeded in obtaining a combination of tin and iodine correspondii^ 
to the sesquioxide, although Boullay conjectured that some yellow crystals, which 
he obtained on adding to a solution of protochloride of tin a solution of iodide of 
potassium, in which an additional half-atom was, dissolved, were sesqui4odide; th^ 
crystals I obtained by this method were foimd to be pure protiodide. 

On adding iodine to a solution of protochloride of tin, this salt suffers a cemarkable 
decomposition ; if its solution be concentrated, an iodide of tin is precipitated, and a 
combination of chloride and iodide of the metal, in definite proportions, remains dis- 
solved in the solution. If the iodine be added in excess, so that the solution acquires 
a brown colour, it yields crystals of biniodide on evaporation ; if, on the other hand, 
the protochloride be in excess, a portion of the protiodide is precipitated, and the re- 
mainder unites with protochloride of tin, in the proportion of one equivalent of each 
substance, and it remains dissoivied in the solution of protochloride^ but may be sepa- 
rated by evaporation in the form of delicate acicular crystals of a silky lustre, and 
straw-yellow colour. 

On adding iodine to an equal weight of protochloride of tin, dissolved in a small 
quantity of water,! obtained some minute red crystals, which yielded on analysis * 

-' Percent. 

Iodine 79*30 

Tin . . . 19-98 

99*28 
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it was the biniodide therefore ; with 380 grs. of the protochloride of tin and 150 grs. 
of iodine, a precipitate was obtained, which was found to yield — 

Per cent. 

Iodine • . . . • «778 
Tin 31-67 

99-45 
it was therefore protiodide of tin. 

The solution remaining after the precipitation of the protiodide was evaporated at 
a gentle heat, until sufficiently concentrated, and allowed to cool ; some ciystals 
were thus obtained which were freed as much as possible from the mother-liquor, by 
pressure in bibulous paper, but on attempting to purify them for analysis by redis- 
solving them in water, they were immediately decomposed, giving a scarlet crystal* 
line precipitate of protiodide of tin, white chloride of tin remained in solution ; they 
were therefore pressed as dry as possible 'in bibulous paper^ and afterwards retained 
in vactio over sulphuric acid for some houi*s. 

10 grs. were then treated with a solution of pure carbonate of potash, evaporated 
to dryness, redissolved in cold water and separated from the protoxide of tin by fil- 
tration ; the solution acidulated with nitric acid, and the iodine precipitated by nitrate 
of palladium while hot, the precipitate washed, dried^ and ignited, left 1*94 gr. of 
metallic palladium =4*586 grs. iodine. The chlorine was afterwards precipitated by 
nitrate of silver ; the precipitate, washed, dried, and fused, weighed 5*22 grs. ; upon 
dissolving the chloride of silver in ammonia 0*1 gr. of metallic palladium was sepa- 
rated, which had subsided with the chloride of silver as a subsalt; this leaves 5*12 
for the true weight of the chloride of silver =1*263 chlorine ; 6 grs. decomposed with 
nitric acid in excess, evaporated to dryness and ignited, gave 2*68 grs. peroxide of tin 
=2-108 of metallic tin. 

This gives in 100 parts — 

Theory. Per cent. Szperiment. 

One atom chlorine = 35^4 op 12*67 12*63 

One atom iodine ^ = 1 26 or 45*10 46*86 

Two atoms tin. . sll8 or 42*23 42*16 



279*4 10000 100*65 

It is therefore a compound of one atom of protochloride of tin, and one atom of prot- 
iodide of tin. 

The excess in the quantity of iodine in the above analysis, is probably owing to the 
tendency of the protonitrate of palladium to subside as a basic salt in company 
with precipitates, which is a great objection to its employment in analysis. 

As the protochloride of tin is stated by Gmblin*, on the authority of Bbrzbuus, 
to contain one atom of water of crystallization, while the late Dn Turner, in the last 
edition of his Elements, published during his life^, states that it contains three atoms 

* Handbuch, vol. iii. t Bdit. t. p. 550. 
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of water of crystallization, and several works of character do not give the composi- 
tion of the crystallized salt at all, it became necessary to analyse the salt used in the 
above experiments ; it was obtained by digesting strong hydrochloric acid with tin 
in excess at a moderate heat, and when a tolerably concentrated solution was ob- 
tained, decanting it and setting it aside to crystallize ; the strongly acid mother-liquor 
was again digested with the tin and took up a fresh portion (it appears impossible to 
saturate hydrochloric acid with tin at once). The salt was in small prismatic crystals 
and dissolved in water, after drying on blotting-paper, forming a perfectly clear solu- 
tion, and producing a great degree of cold ; 700 grs. dissolved in 3 oz. of water re- 
duced the temperature from 58° to 27® Fahr. 

The crystals were coarsely powdered and pressed as dry as possible in bibulous 
paper; 25 grs. were dissolved in water acidulated by sulphuric acid, and the tin pre- 
cipitated by sulphuretted hydrogen, the protosulphuret washed and dried, weighed 
17*23 grs. ; 16'2 of these were ignited in a porcelain crucible, and the ignition, repeated 
with a little carbonate of ammonia, gave 15'6grs. of peroxide; this corresponds to 
16*59 on the total quantity of sulphuret, which is equivalent to 13*09 of metal. 

The excess of sulphuretted hydrogen was removed by a little sulphate of copper, 
and the chlorine, precipitated by nitrate of silver, gave 30*94 grs. of fused chloride of 
silver =7'72 chlorine. 

To determine the water, 23*58 grains were retained in vactu) over sulphuric acid 
for twenty-four hours, and were found to have lost 3*87 grains = 16*41 per cent. ; we 
have therefore — 

Experiment Theory. Atom. 

Chlorine. . . 30*88 31*50 1 35*4 

' ' Tin . . . . 52*36 52*49 1 59 

Water. 16*41 16*01 2 18 



99*65 10000 112*4 

The following table contains the principal analytical results of this communica- 
tion : — 

Protiodide of tin . . . SnI, solid and fixed, sparingly soluble. 
Periodide of tin ... Snl2, solid, volatile, decomposed by water. 
Chloriodide of tin . . • SnCI, SnI, solid, fixed, decomposed by water. 

March 28, 1845. 
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Contingencies in England. 8vo. London 1844. 
FORSTER (T.) H TON nAIAilN Aroni, being a Collection of Letters on 

early Education and its influence in the prevention of Crime. 8vo. London. 
FREYCINET (Louis de.) Voyage autour du Monde, entrepris par ordre du 

Roi. 4to. Paris 1844. 
FUSINIERI (Ambrogio.) Memorie Sperimentali di Mecanica Molecolare. 

4to. Padova 1844. 
GALLOWAY (T.) Memoir of Thomas Henderson, Esq. 8vo. London 

1845. 
GIULIO (Sig.) Guidizio sulla esposizione del 1844. 8yo. Torino 1845. 
GOULD (J.) The Birds of Australia, Parts 16, 17 and 18. fol. London 1844. 

GREGORY (W., M.D.) Outlines of Chemistry. 2 Vob. 8vo. London 1845. 
HALDAT (Dr.) Histoire du Magn^isme. 8vo. Nancy 1845. 
HASSKARL (J. C.) Catalogus Plantarum in horto Botanico Bogoriensi cul- 

tarum alter. 8vo. Batavia 1844. 
HUBERT (A. E.) Rudimens de la Langue Arabe, de Thomas Erp^nius. 8vo. 

Paris 1844. 
HERBST (Dr. Gustav.) Das Lymphgefassystem, &c. 8vo. Gottingen 1844. 
HERSCHEL (Sir J. F. W., Bart.) Memoir of Francis Baily, Esq., F.R.S. 
HOLTZM ANN ( C.) Ueber die Warme und Elasticitat der Gase und Dampfe. 

8vo. Manheim 1845. 
HOOD (C.) A Practical Treatise on Warming Buildings by Hot Water, and 

on Ventilation. 8vo. London 1844. 
HCGEL (Baron C.) TravcU in the Kashmir and the Panjab. 8vo. London 

1845. 
HUTCHISON (Graham.) An Essay on the Nature and Cause of the Diurnal 

Oscillations of the Barometer. 8vo. Glasgow 1844. 
- JOHNSON (Emanuel J.) Astronomical Observations made at the Radclifie 

Observatory, Oxford, 1842. Vol. IlL 8vo. Oocford 1844. 
JOHNSTON (J. F. W.) Lectures on Agricultural Chemistry and Geology. 

Part 4. 8vo. 



Donors. 
The Author. 

The Author. 

The Author. 

The Author. 

The Author. 

The Author. 



The Author. 
The Author. 
The Author. 
The Author. 
The Author. 
The Author. 

Signor Giulio. 

The Marquis of Northamp- 
ton, P.R.S. 

The Author. 

The Author. 

The Minister of the Interior 
of Holland. 

French Minister of War. 

The Author. 
The Author. 
The Author. 

The Author. 

Major Jervis, F.R.S. 

The Author. 

The Radcliffe Trustees. 



The Author. 



L 7 J 

Presents. 

JOURNALS. 

AddcJs of Electricity, Magnetism and Chemistry, conducted by Wm. Stur- 
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Astronomische Nachrichten. Nos. 493 to 535, by Professor Schumacher. 
Athenaeum, from July to December 1844, January to June 1845. 
Electrical Magazine. Vol. I. 8vo. London 1845. 

Journal of the Asiatic Society of Bengal. Nos. SSy 64, 65^ 150. 8vo. Calcutta, 
Philosophical Magazine for the months of July to December 1844, January 

to June 1845. 
Tijdschrill \oor Natuurlijke Geschiedens en Phpiologie, door J. van der 
Hoeven en W. H. de Vriese. Third and Fourth Part of Vol. XI. 1844. 
Part 1. Vol. XII. 1845. 8vo. 
KING (Wm.) On the Genus Sigillaria. 8vo. Newcastle 1845. 
KREIL (K.) Magnetische und Meteorologische beobachtungen zu Prag. 
2 Vols. August 1842 to December 1843, 1844 to 1845. 4to. Prag 
1844-45. 
LHOTSKY (J.) On Cases of Death by Starvation. 8vo. London 1844. 
LINK (H. F.) Vorlesungen iiber die Krauterkunde fiir freunde der Wissen- 
chaft der Natur und der Garten. 8vo. Berlin 1843. 
■ Anatomia Plantarum Iconibiis illustrata. First Part 

LUBANSKI (Dr.) De L'Hydroth^rapie. 8vo. ParU 1843. 
LUBBOCK (Sir J. W., Bart.) On the Heat of Vapours. 8vo. London 1845. 
MADLER (J. H.) Beobachtungen der Kaiserlichen Universitats-Sternwarte 

Dorpat VoL X. 
MAHLMANN (W.) Bemerkungen iiber das Aralo-caspische Becken.*6vo. 
MAITLAND (Rev. S. R.) Index of such Englbh Books printed before the 

year 1600 as are now in the Archiepiscopal Library at Lambeth. 8vo. 

London 1845. 
MANTELL (G. A., LL.D.) The Geological Structure of the Country seen 

from Leith Hill in Surrey. 4to. Dorking 1845. 
MAPS. 

Charts and Surveys published by the Admiralty in 1844. 

Map of the Boundary between the United States and the Britbh Provinces. 

Sheets. 1843. 
MARTIUS (Dr.) Das Naturell, die Krankheiten, das Arztthum, und die 

Heilmittel der Urbewohner Brasiliens. 8vo. Miinclien 1 844. 
MATTEUCCI (C.) Traits des Ph^nomdnes Electro-Physiologiques des Ani- 

maux. 8vo. Paris 1844. 
MATTEUCCI et LONGET. Sur la Relation qui existe entre le Sens du 

Courant Electrique et les Contractions musculaires. 
M6NABREA (L. F.) M^moire sur les Quadratures. 4to. Turin 1844. 
-^-«— — — ^ M6moire sur la S6rie de Lagrange. 4to. Turin 1844. 
MOORE (J.) Surgical Cases treated at the Queen's Hospital, Birmingham. 

8vo. London 1845. 
MORTON (S., M.D.) An Inquiry into the Distinctive Characteristics of the 

Aboriginal Race of America. 8vo. Philadelphia 1844. 
NARRIEN (J.) Practical Astronomy and Geodesy. 8vo. London 1845. 
NEISON (F. G. P.) Contributions to Vital Statistics. 4to. London 1845. 
ORLICH (L.) Reise in Ost-Indien. 4to. Leipsic 1845. 
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PIDDINGTON (H.) The Horn-Book of Storms for the Indian and China 

Seas. 8vo. Calcutta 1844. 
PLANTAMOUR (E.) Observations Astronomiques faites a TObservatoire 

de Geneve en 1843. 4to. Geneve 1844. 
R6sultats des Observations Magn6tiques faites a 

Geneve dans les ann^es 1842-43. 4to. Geneve 1844. 
POLE (W.) A Treatise on the Cornish Pumping Engine. 4to. London 1844. 
QUAIN (R.) Tlie Anatomy of the Arteries. Part 17. fol. London 1844. 

QUETELET (A.) Maeorologie. 8vo, BruxeUes 1844. 

■ Rapport sur un Memoire de M. Peltier intitule " Re- 

cherches sur les Causes des Variations Barom6triques." 8vo. Bruxelles 

1845. 

Rapport par M. Crahay sur un Compas pr6sent6 a TAca- 
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■ Recherches Statistiques. 4to. BruxeUes 1844. 
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King's College, London. 8vo. London 1845. 
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STARK (Jas., M.D.) On the Nature of the Nervous Agency. 8vo. 
STRUV E (O.) Observations M6t6orologiques faites k Nijn^-Taguilsk en 1 842. 
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ZANTEDESCHI (F.) Del Trasporto della Materia pesante nelle due opposte 

correnti dell' Apparato Voltiano. 4to. Vieenza 1844. 
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